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LUNG IMMOBILIZER THERAPY IN PULMONARY TUBERCULOSIS' 
A Clinical Study 


ROGER A. HEMPHILL, GEORGE C. OWEN, ann JOHN D. STEELE 
(Received for publication April 7, 1952) 


INTRODUCTION 


In 1940 Barach (1, 2) applied the principle of Thunberg’s barospirator (3) to 
the treatment of tuberculosis. In brief, the apparatus consists of a chamber, 
somewhat like a Drinker Respirator, with alternating pressure but with the whole 
body enclosed. Air enters the head end, and a movable partition “produces dif- 
ferential pressure in the head compartment” which ‘in the compression (positive) 
cycle of air is adequate to overcome the resistance of the tracheobronchial tree, 
thus allowing equal air pressure to be simultaneously applied to the inner and 
outer surfaces of the chest, as well as to the upper and lower surfaces of the 
diaphragm” (4). In this way intra- and extra-thoracie pressures remain in dy- 
namic equilibrium. Mechanical breathing takes the place of natural breathing. 
In contrast to natural breathing (and most respirators), however, in which air 
is moved by volume with resulting motion of the chest and moderate pressure 
change, in the immobilizer air is moved by change in pressures without change 
in volume. Emptying and filling of a rubber balloon as opposed to an oxygen tank 
provide a fair analogy except that, in the lung immobilizer, volume is kept con- 
stant, not by a rigid chest wall, but by applying equal pressure without while 
pressure is raised within. For details, the original papers and a report of the 
Committee on Therapy of the American Trudeau Society should be consulted 
(2, 5, 6, 7, 8). 

It has been reported that tuberculous patients treated in the chamber have 
improved, that sputum has “converted,” and that cavities have closed (4, 5, 9). 
Results have been interpreted as so beneficial that “in fact, the trial of properly 
managed immobilizing chamber therapy in preference to . . . thoracoplasty might 
(induce) clinical recovery without impairment of lung function or structure and 
without the risk attendant on other methods . . .” (10) and “the procedure . . . 
will now appear to be indicated in many patients with this disease (tuberculosis) 
in preference to either pneumothorax or thoracoplasty” (11). 

! From the Veterans Administration Center, Wood, Wisconsin; and Marquette Univer- 
sity School of Medicine, Milwaukee, Wisconsin. 
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The present report is concerned with the results obtained by use of the im- 

mobilizer in a series of 18 tuberculous patients studied in this clinic. 
PLAN OF INVESTIGATION 

Inasmuch as marked improvement (5, 6) had been reported in patients treated 
three and one-half to four months for six to eight hours a day, it was decided, 
since the present investigators had only one chamber available, that the patients 
would be treated for eight hours a day. In this way, it was possible to treat 3 
patients in the same twenty-four-hour span and on a four-month interval and to 
treat 9 patients for the interval stated within one vear. Although six days a week 
have been considered adequate treatment (6), it was decided to adhere to seven, 
and with rare exceptions this proved possible. 

The following criteria were set up for the selection of patients and were con- 
sidered to offer an objective standard for measuring the merits of this type of 
treatment. In general, it was possible to follow these criteria except for the in- 
dividual modifications mentioned below. 


Selection of Cases 


Lesions were chosen which were frankly active as proved by roentgenographie and bac- 
teriologic studies 

An attempt was made to provide a minimum four-month period of observation before 
treatment; during this time the lesions were stationary or progressive. If possible, the 
patients were maintained on strict bed rest during the observation period 

The lesions were moderately or far advanced in extent. 

The presumed life expectaney of each patient was one year or longer in the absence of 
any special treatment 

No collapse treatment was started during the four-month observation period. Any col- 
lapse therapy in progress was continued unchanged during the treatment and follow-up 
period 

No antituberculous chemotherapy had been administered for six months prior to entry 
into the chamber. This provision was neglected if the lesion had been getting worse since 
the discontinuation of chemotherapy. 

Cavitary disease received preference. 

Bronchoscopy, planigrams. and pulmonary function studies were performed at the 


start of treatment whenever possible. 


Observations During Treatment in the Lung Immobilizing Chamber 


Monthly roentgenograms, sputum and gastrie studies, and sedimentation rates were 
made, and other laboratory work as indicated. No other therapy was started during the 
treatment period; this refers particularly to chemotherapy and collapse therapy. 

Treatment was given for eight hours daily over a period of four months. This may be 


divided into two four-hour periods daily. 
The patients were maintained on bed rest during the remainder of the day or on the same 


amount of activity as during the observation period. 
Bronchoscopy, planigrams, and pulmonary function studies were repeated at the com- 


pletion of treatment when possible 
Follow-up Observations 


Monthly roentgenograms were made for four months and other examinations as indi- 


cated 
No new therapy was started during a four-month follow-up period, This refers partieu- 


larly to chemotherapy and collapse therapy. 
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The patients were continued on the same degree of bed rest as was present during the 
observation and treatment periods. 

The general plan was followed as closely as practicable. In order to save time, however, 
patients were selected for treatment in the chamber before patients already under treat- 
ment had completed their courses. In at least ope instance, as will be shown, a cavity which 
had been stable for several months suddenly began spontaneous contraction between the 
time of pretreatment selection and the time treatment actually was begun. Follow-up exam- 
inations also, while obtained in every instance, could not be obtained always at the inter 
vals indicated because of transfer to other hospitals, irregular discharge, et cetera. Never- 
theless. this did not significantly affeet the evaluation of results. 


In the period of treatment, 18 patients were started on this type of therapy. 
Within two weeks, 2 of the patients declined further therapy because of distress- 
ing aggravation of paranasal sinusitis and were dropped from the study. Sixteen 
patients, therefore, are being reported, although one was removed from the 
chamber because of a serious spread of disease at the end of three months of 
therapy. 

The roentgenographic course of the individual cases is presented in the follow- 
ing manner: Tracing paper was superimposed over the actual roentgenogram, 
the chest was outlined, and the cavities concerned were very carefully traced 
to actual size. These tracings were then photographed together with svmmetrical 
reduction, so that comparison can easily be made. 


RESULTS 

The lesions of 3 patients showed significant improvement. The patient of 
Case 1 had had a stable roentgenogram for some months prior to selection for 
treatment, but, approximately one month later, on beginning treatment, it was 
found that significant contraction in cavity size had already occurred. This 
contraction continued throughout the course of treatment and, on return to his 
home hospital, a localized resection was done. This is the only patient of the 16 
whose pulmonary secretions became negative for 17. tuberculosis on culture. 
The patient of Case 2 showed significant improvement under treatment and this 
improvement has been maintained, but the patient’s secretions are still positive 
for M. tuberculosis on culture. In Case 3, contraction of cavity occurred during 
treatment with prompt increase in size after treatment was ended. In the re- 
maining 13 patients, the lesions of 9 were considered to show no significant 
change, and in 4 the lesions actually became worse under treatment (see illus- 
trations). It may be noted that bed rest during treatment was equivalent to, often 
greater than, that before or after treatment in the immobilizer. 

One patient (Case 8) had a cavernostomy. Advantage was taken of this fact 
by Dr. Emil Rothstein to measure intracavitary pressure changes during chamber 
therapy. A catheter with rather rigid walls was introduced into the chamber and 
attached to a manometer outside. The lower end of the catheter was clamped 
off, and with the chamber in operation no fluctuation was noted on the manom- 
eter. The catheter was then unplugged and sealed snugly within the cavern- 
ostomy. The manometer then reflected faithfully the pressure changes occurring 
in the chamber itself, showing that in this instance there was no significant 


bronchial obstruction. 
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PHoToGRaPH OF TRACINGS OF ROENTGENOGRAMS 


Selection Film Start of Treatment End of Treatmeni Follow-up 

Case 1. IL) 7 6/50 4/50 12:12,50 7/31/51 
Case 2. (J. H.) ‘ 9/15/49 11/30/49 3/28 50 5 25/0 
0 

Case 3. (L. P 10/21/49 12/ 7/49 3/29/50 5/10 50 


Case’4. (R. 12/20/48 12/ 8/49 328/50 1/ 6/51 

Case 1. (E. H.) After a period of stability, cavity on left began to improve between 
time of selection and time of beginning treatment 

Case 2. (J. H.) Cavity improved while in chamber: secretions still positive for M. tube 
culosis 

Case 3. (L. P.) Right mid-chest cavity the target of therapy; improvement on therapy; 
worsening after. 

Case 4. (R. A.) Left lung opaque after pneumothorax. No results on right from chamber 


treatment. 
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PHOTOGRAPH OF TRACINGS OF ROENTGENOGRAMS 


Selection Film Start of Treatment End of Treatment Follow-up 
\ 
f \ \ | 
| 
Case 6. (R. B 1/ 6/50 4/4/50 8/ 9/50 4/26/51 
Case 7. (K. C.) 12/21/48 8/5/49 12/ 8/49 3/ 4/50 
ra 
4 4 
Cone. law). 5/ 9/49 8/5/49 12/ 2/49 6/20/51 


Case 5. (G. B.) Patient had declined surgery for left apical cavity. 
Case 6. (R. B.) Surgery not feasible for left apical cavity. 
Case 7. (K. C.) Dotted lines indicate pneumoperitoneum. Chamber control of either 
apex would'have permitted surgery for the other. 

Case 8" Lng) Cavity, right; eavernostomy, left (see roentgenograms) 
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Puorocrarn or TRACINGS oF ROENTGENOGRAMS 
Selection Film Start of Treatment = End of Treatment 


S10 50 


Case 12. (W. M.) ‘i 5/10/51 


Case 9. (G. 38.) Target area right lower lobe eavity. 

Case 10. (S. R.) Patient refused surgery. 

Case 11. (J. 8.) Chamber control of right apical cavity would have permitted surgery on 
left. 

Case 12. (W. M.) Dotted line indicates pneumoperitoneum 


2tith 
(GOS 6/28 50 1212 50 824/51 
| 
Case 10. (8S. R.)........... 5/26/50 450 12 1250 1/13/51 
| 
Case (J. 8.)...... 3/1/50 4/5/50 413/51 
ee 5/18/51 9/21/51 1/ 9/52 
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or TRACINGS OF ROENTGENOGRAMS 
Selection Film Start of Treatment End of Treatment Follow up 


Case 13. (FE. B.) 


Case 14. (T. M.) 10°31 50 2/3 615/51 0/13/51 


Case 15. (BE. Lak 


Case 16. (R. N.) 0/28/50 8/14/51 


Case 13. (E. B.) Pneumonectomy on right, very recent cavity on left (see roentgeno 


grams). 
Case 14. (T. M.) Pneumoperitoneum failure for left lower lobe cavity. 


Case 15. (FE. Lek) Pneumoperitoneum failure. 
Case 16. (R. N.) Control of cavity on right would have permitted surgery on left; sig 
nificant spread of disease required curtailment of treatment period. 
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Case 8. Log 


December 2, 149 Case 8. (E. Lng June 20, 1951 


Sample film reproductions: The preceding tracings were made from the roentgenograms 


themselves; only a few films lend themselves to clear reproduction. 
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| | | 
pire 
| | i | 


IMMOBILIZER THERAPY IN) PULMONARY TUBERCULOSIS 


November 2, 1950 Case 13 


Case 13. (Eb. B May 1, 1951 Case 13. (bk. B.) September 5, 1951 
Sample film reproductions: The preceding tracings were made from the roentgenograms 
themselves; only «a few films lend themselves to clear reproduction 
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SUMMARY 


In 16 patients with chronic pulmonary tuberculosis treated in the lung im- 
mobilizing chamber for eight hours a day for four months, the lesions of 4 became 
worse, 9 showed no change, and 3 showed improvement. Improvement in one of 
the 3 had begun just prior to therapy; in another, it was not maintained after 
therapy. 


SUMARIO 
La Terapéutica Inmovilizadora del Pulmén en la Tuberculosis Pulmonar: Estudio Clinico 


De 16 enfermos con tuberculosis pulmonar erénica tratados en la cAmara inmovilizadora 
del pulmoén durante ocho horas diarias por espacio de cuatro meses, las lesiones de 4 empeo- 
raron, las de 9 no se alteraron y las de 3 revelaron mejoria. La mejoria en uno de los dltimos 
habia comenzado precisamente antes de la terapéutica; en otro no se mantuvo después de 
aquella. 


RESUME 
Thérapie par immobilisation du poumon dans la tuberculose pulmonaire: Une étude clinique 


Chez 16 malades atteints de tuberculose pulmonaire chronique, traités dans un appareil 
pour immobilisation pulmonaire, pendant huit heures par jour pendant quatre mois, 
les lésions de 4 d’entre eux se sont aggravées, 9 n’ont montré aucune modification et 3 ont 
présenté une amélioration. Chez un de ces trois derniers malades le début de l’amélioration 
s’était manifesté aussitét avant le traitement; chez un autre l’amélioration n’a pas persisté 
aprés le traitement 

REFERENCES 
(1) Baracu, A. L.: The treatment of advanced pulmonary tuberculosis by continuous 
arrest of lung movement produced by residence in an equalizing alternating 
pressure chamber, Tr. A. Am. Physicians, 1940, 55, 9S. 
(2) Baracu, A. L.: Immobilization of lungs through pressure, Am. Rev. Tubere., 1940, 
42, 586 
(3) Tuunsers, T.: The barospirator: A new machine for producing artificial respiration, 
Skandinay. Arch. f. Physiol., 1926, 48, 80. 
(4) Grosretp, W., anv Nasu, J. C.: Lung immobilization chamber therapy in chronic 
pulmonary tuberculosis, Dis. of Chest, 1952, 21, 296. 
(5) Baracnu, A. L.: Continuous arrest of lung movement, Am. Rev. Tubere., 1941, 43, 56. 
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1946, 12, 521. 
(7) Baracu, A. L., Easriake, C. Jr., J. H., Herpen, G. F.: Closure of tu- 
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STREPTOMYCIN AND DIHYDROSTREPTOMYCIN IN THE TREAT- 
MENT OF TUBERCULOUS EMPYEMA' 


I. Experimental Studies of the Drug Concentrations Attained with Various Vehicles 
I. STAHLE 
(Received for publication February 11, 1952) 
INTRODUCTION 


During intramuscular streptomycin treatment, streptomycin is distributed 
into the pleural fluid. The concentration in the pleural fluid does not seem to 
reach particularly high values. It is reported in various publications that, with 
a dose of 0.6 to 2.0 gm. administered intramuscularly, a concentration of strep- 
tomycin of 1 to 18 y per ml. has been found in the pleural fluid at a time when 
the concentration in the blood was 15 to 20 y per ml. A measurable amount of 
streptomycin does not seem to be present in the pleural fluid until one-half to 
one hour after the injection (1, 7, 8, 13, 16, 17). According to Pulaski and Sprinz 
(11), the concentration in the pleural fluid is approximately one-fourth to one- 
half of the blood concentration prevailing at the same time during the first hours 
following the intramuscular injection. In investigations reported by Christen- 
sen (4), it was shown that, after a single intramuscular dose of 0.5 gm. of strep- 
tomycin, the concentration of drug in the pleural fluid remained fairly constant 
for two to twelve hours, approximately 5 y per ml. 

In connection with the intrapleural injection of 1 gm. of streptomycin, Chris- 
tensen (4) found in two cases that, three or four days after the instillation of the 
drug, the concentration in the pleural fluid remained as high as 150 to 200 y 
per ml. 

Levin and his collaborators (5) stated that, with 1 gm. of dihydrostreptomycin 
given intramuscularly, the concentration of drug in the pleural fluid was as 
high as, or higher than, the blood concentration (two cases, the first one with 
a concentration in the pleural fluid of 2.75 y per ml. and in the blood of 3.35 y 
per ml. after eighteen hours; the second one, 5.8 y per ml. and 3.3 y per ml., 
respectively, after twenty-four hours). In their opinion, the findings indicated 
that dihydrostreptomycin passes fairly freely from blood to pleural fluid. 

Empyema fluid usually has a slight acid or neutral reaction of approximately 
pH 6.8 to 7.0, and in this environment the effect of streptomycin is reduced. 
The best effect of streptomycin is attained at pH 2 7.8 (4.16). Attempts have 
been made, therefore, especially by French and Italian investigators, to alkalinize 
the pus in cases of empyema in order to enhance the effect of streptomycin 
(3, 9, 12, 14). Rinsing with a 2 to 4 per cent sodium bicarbonate solution or with 
twentieth-normal sodium hydroxide solution buffered with twentieth-molar borax 
solution has been tried, but only a transient pH increase was obtained. Posternak 
(10) succeeded in maintaining a pH of approximately 7.5 by the intrapleural 
application of 2.5 to 4.0 per cent polyvinyl alcohol buffered with 0.1 per cent 


1 From the Kolmarden Sanatorium, Sweden. 
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borax solution. Posternak assumed that polyviny] alcohol, a gel with molecules 
of considerable size, delayed the absorption of the streptomycin. 

The object of the present study was, first, to ascertain the amount of strepto- 
mycin and dihydrostreptomycin which is required to maintain a therapeutically 
effective concentration in the pleural fluid; and, second, to find a suitable vehicle 
which would keep the pH at an adequate level for maintaining the full effect 
of the drug. 

EXPERIMENTAL 


Methods and Procedures 


Test objects: The experiments were carried out in 7 cases of tuberculous 
empyema, 2 of which were of the extrapleural type (for details see reference 15). 
Forty-four series of experiments were carried out. 


Methods: The streptomycin and dihydrostreptomycin concentrations in the blood and 
in the pleural fluid were determined by a modification of the method described by Loo and 
collaborators (6). A number of filter paper tablets, containing 0.01 ml. of a solution of 
streptomycin or dihydrostreptomycin in various concentrations, were placed on a large 
agar plate (the agar medium prepared with beef extract, peptone, and saccharose). Between 
these tablets were placed other filter tablets containing 0.01 ml. of the samples. The test 
organism used was Bacillus subtilis. After incubation at 32°C. for seventeen to twenty- 
four hours, the inhibition zones of the unknown samples and the streptomycin or dihydro- 
streptomycin concentrations were calculated. 

The pH of the pleural fluid was determined with Accutint paper. With this method, the 
accuracy is approximately 0.1 to 0.2 pH when two or more indicator papers with different 
pH ranges are used. 


Vehicles: 
Physiological saline (0.9 per cent sodium chloride) 
Cellugel I 
Sodium carboxymethy! cellulose 10.0 gm. 
Sodium chloride ae 8.0 gm. 
Nipagin? 1.0 gm. 
Sterile water. . ... 1,000.0 ml. 


1 Normal sodium hydroxide to make pH = 9.5 
Cellugel Il 


Sodium carboxymethy] cellulose... .. 10.0 gm. 
Disodium phosphate . 16.7 gm. 
Nipagin’ .. 1.0 gm. 
Sterile water. . 1,000.0 ml. 
pH = 8.15 

Preparations: 


Streptomycin: The preparation used was a complex salt of streptomycintri- 
chloride and calcium chloride, containing 0.730 gm. base per gm. 

Dihydrostreptomycin: The preparation used was bis-dihydrostreptomycintri- 
sulfate, containing 0.780 gm. base per gm. 

Nipagin is added in order to better conserve the solution. 


Procedure: After all the pus had been emptied and the pleural cavity had been 
rinsed with 0.9 per cent sodium chloride (NaCl) until a clear fluid was obtained, 
300 ml. of the vehicle (0.9 per cent NaCl, cellugel I, or cellugel II), to which 


2 Nipagin is methylparabenzoate (methylparaben in the American Pharmacopea). 
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streptomycin, 1.0 gm., or varying amounts of dihydrostreptomycin, 0.5 to 1.0 
gm., were added, were instilled into the pleural cavity. Then streptomycin or 
dihydrostreptomycin was added to the pleural fluid daily or once every two days 
for a total period of ten days. 

The concentration of streptomycin or dihydrostreptomycin in the pleural 
fluid was determined immediately after the first application of vehicle and drug 
and immediately prior to each instillation of the drug. The pH was determined 
every day or every second day during the same period, the first value being 
taken twenty-four hours after the administration into the pleural cavity of vehicle 
and drug. 

In a series of experiments, dihydrostreptomycin was administered as one single 
dose (1.0 gm.) into the vehicle (0.9 per cent NaCl or cellugel IIT). The concen- 
trations of dihydrostreptomycin were determined immediately after the appli- 
cation and then daily for three or four days. 

Thus, streptomycin and dihydrostreptomycin were only administered locally 
into the pleural fluid in this study. 


RESULTS 


Significance of the Vehicle 
Streptomycin: In the first series of experiments, 1 gm. of streptomycin was 
given initially with 300 ml. of 0.9 per cent NaCl; then 1 gm. of streptomycin was 
instilled daily for four days. The concentration of streptomycin in the pleural 


fluid dropped rapidly, after a high initial value of 2,500 y per ml., to 50 to 100 
y per ml. after forty-eight to seventy-two hours. The results are illustrated in 
figure 1. 

When 300 ml. of cellugel I were used as the initial vehicle and 1 gm. of strep- 
tomycin was added daily for ten days, the concentration of streptomycin in the 
pleural fluid remained constant on a high level, approximately 500 to 600 y per 
ml., for seven days and decreased slowly on the eighth or ninth day to approxi- 
mately 400 y per ml. (figure 1). 

Due to the chemical character of streptomycin, this compound could not be 
tested in cellugel IT. 

Dihydrostreptomycin: With a single intrapleural dose of 1 gm. of dihydrostrep- 
tomycin in 300 ml. of 0.9 per cent NaCl, there was a rapid fall in the concentra- 
tion from an initial value of 2,200 y per ml. to 500 y per ml. after twenty-four 
hours and to 190 y per ml. after forty-eight hours (figure 2). In 300 ml. of cellugel 
II, a corresponding single dose of 1 gm. of dihydrostreptomycin caused a rapid 
drop in the concentration from an initial value of 2,600 y per ml. to 915 y per 
ml. after twenty-four hours, to 244 y per ml. after forty-eight hours, and to 
100 y per ml. after seventy-two hours (figure 2). Thus, twenty-four hours 
after instillation the coneentration of dihydrostreptomycin was higher in cellugel 
II than in 0.9 per cent NaCl; at the end of forty-eight hours, this difference had 
practically disappeared. 

With a daily dose of 1 gm. of dihydrostreptomycin for six to ten days, the 
following results were seen (figure 3). With 300 ml. of 0.9 per cent NaCl as the 
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Fig. 1. Ordinate: concentration of drug 
in y per ml.(log scale). Concentration deter- 
mined immediately before each instillation. 
Abscissa: time in days. 
Vehicle: 0.9 per cent NaCl, average of 
three experiments; cellugel I, average of 


five experiments. 


Dose: streptomycin, 1 gm. per day. 
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Fig. 2. Ordinate: concentration of drug 
in y per ml.(log scale). Concentration ob- 
tained immediately before each instillation. 

Abscissa: time in days. 

Vehicle: 0.9 per cent NaCl, average of two 
experiments; cellugel II, average of seven 
experiments. 

Dose: dihydrostreptomycin, 1 gm., single 
dose. 
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Fic. 3. Ordinate: concentration of drug 
in y per ml. (log scale). Concentration ob- 
tained immediately before each instillation. 

Abscissa: time in days. 

Vehicle: 0.9 per cent NaCl, average of 
three experiments; cellugel I, average of 
eight experiments; cellugel II, average of 
five experiments. 

Dose: dihydrostreptomycin, 1 gm. per 
day. 
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vehicle, the concentration in the pleural fluid varied around 700 y per ml. 
With 300 ml. of cellugel I as the vehicle, a reasonably constant, somewhat 
higher concentration was seen, i.e., approximately 900 to 1,000 y per ml; with 
300 ml. of cellugel IT as the vehicle, the concentration was practically the same, 
approximately 900 to 1,050 y per ml. 

PH of pleural exudate: One of the main objects of the investigation was to find 
a suitable vehicle which would produce a pH which would give optimal strepto- 
mycin effect, i.e., pH = 7.8. 

The pH of the pleural fluid was determined three to ten times during each 
series, 215 times in all. The data are collected in table 3. 

The pH of 0.9 per cent NaCl was constant at approximately 6.8 to 7.0, with 
only minor deviations. No difference was seen between streptomycin and di- 
hydrostreptomycin in either this vehicle or in cellugel. 

In cellugel I, the pH showed a transient increase up to 8.0 to 8.2 immediately 
after the administration of the vehicle and the drug into the pleural cavity. After 
twenty-four hours, it was found to be approximately 7.0, and thereafter it was 
constant at this level during the whole period of treatment. 


TABLE 1 
PH Pievrat Dirrerent VEHICLES 


VEHICLE 


0.9 per cent NaCl... 
Cellugel II............ | 7.6-8.1 


In cellugel IJ, the pH lay constantly on a higher level, 7.8 to 8.0, during the 
whole ten-day period of treatment. This shows that the buffering of cellugel II 
with dibasic sodium phosphate was effective in maintaining a high level of pH. 
This pH level is optimal for the effect of streptomycin and dihydrostreptomycin. 

Thus, a therapeutically optimal effect ought to be obtained with dihydro- 
streptomycin in cellugel II. 


DISCUSSION 
The experiments related above reveal some interesting facts. 


First, the rapid decrease and low concentration of streptomycin in the pleural 
fluid, when given with 0.9 per cent NaCl as the vehicle, despite the local ap- 
plication of a dose as high as 1 gm. of streptomycin per day, are striking. The 
amounts of streptomycin, mentioned in various reports as having been in- 
jected into the pleural cavity, usually with 0.9 per cent NaCl as the vehicle, 
were as a rule less than 1 gm. and often were not administered daily. Most prob- 
ably, an effective concentration of streptomycin was not achieved in these cases. 
This might be one of the explanations of the many failures that have hitherto 
been reported in connection with the use of streptomycin in the treatment of 
tuberculous empyema. 
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Second, there was a considerable difference between the concentrations of 
streptomycin in 0.9 per cent NaCl and in cellugel I, in spite of the fact that the 
experimental conditions were the same in all other respects. The same difference, 
although not so accentuated, was seen between the concentrations of dihy- 
drostreptomycin in 0.9 per cent NaCl, on the one hand, and in cellugel I and 
II, on the other hand. 


Berkman, Housewright, and Henry (2) have demonstrated that, if cellophane 
membranes (cellulose) are placed in an aqueous solution of 50 y of streptomycin 
per ml., approximately 30 per cent of the streptomycin will be adsorbed to the 
cellulose. If these cellophane membranes were placed afterwards in a 2 per cent 
NaCl solution overnight, 50 per cent of the adsorbed streptomcyin was re- 
covered. The writers discuss the possibilities for achieving a depot effect with 
the aid of streptomycin bound to substances of high molecular weight for prac- 
tical purposes. 

The present experiments revealed a very marked difference in the concentration 
of streptomycin in 0.9 per cent NaCl and in cellugel I and a similar, not quite 
so pronounced, difference in respect to dihydrostreptomycin. The explanation 
of this difference might be that an adsorption of streptomycin or of dihydro- 
streptomycin to the large cellulose molecules had taken place and that a depot 
effect had arisen which kept the concentration at the higher level in cellugel 
I and II. With a single dose of streptomycin or dihydrostreptomycin, a higher 
concentration in cellugel would therefore be expected during the first few days, 
after which the concentration in 0.9 per cent NaCl and in cellugel would be the 
same. The values cbtained (figure 2) coincide well with this assumption. 

Third, the essential difference in pH between cellugel I and II (table 1) was 
apparently of no significance to the dihydrostreptomycin level (figure 3). 

As may be seen from figure 1, continuous daily doses of 1 gm. of streptomycin, 
administered intrapleurally with cellugel I as the vehicle, produced a concen- 
tration of 500 to 600 y per ml. No other dosages were tried because dihydro- 
streptomycin was found to give higher concentration with the same dose (see 
figure 6B). 

With a single dose of 1 gm. of dihydrostreptomycin in 300 ml. of cellugel II, 
the concentration fell rapidly from a high initial value of 2,600 y per ml. to 
100 > per ml. after seventy-two hours (figure 44). With a daily intrapleural 
dose of 1 gm. of dihydrostreptomycin in the same amount of cellugel II, the 
concentration remained essentially constant at approximately 900 to 1,050 y 
per ml; with 0.5 gm. daily, approximately 400 to 600 y per ml.; and with / gm. 
once every two days, the concentration was approximately 200 to 300 y per ml. 
after forty-eight hours (figure 4A). In all of these cases the values showed only 
slight deviation from day to day. On the other hand, with 0.5 gm. a steadily 
decreasing concentration was obtained which reached an average value as low 
as 50 y per ml. after ten days (figure 4C). 

Curves of the individual experiments with dihydrostreptomycin in cellugel 
II in various dosages are given in figures 5 A—D. The variations between the 
individual subjects were rather slight (figures 5 A-C) with one exception (5 D). 
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Fic. 4A. Ordinate: concentration of 
drug in y per ml. (log scale). Concentration 
determined immediately before each instil- 
lation. 

Abscissa: time in days. 

Vehicle: cellugel II. 

Dose: dihydrostreptomycin, 1 gm. per 
day, average of five experiments; dihydro- 
streptomycin, 1 gm. every two days, average 
of four experiments; dihydrostreptomycin, 
1 gm. single dose, average of seven experi- 
ments. 
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Fic. 4B. Ordinate: concentration of drug 
in y per ml. (log scale). Concentration de- 
termined immediately before each instilla- 
tion. 

Abscissa: time in days. 

Vehicle: cellugel II. 

Dose: Dihydrostreptomycin, 1 gm. per 
day, average of five experiments; dihydro- 
streptomycin, 0.5 gm. perday, average of six 
experiments. 


OHS 
Celiugel 


1g/2days 


50 


01234567890 

Fie. 4C. Ordinate: concentration of drug 
in y per ml. (log scale). Concentration de- 
termined immediately before each instilla- 
tion. 

Abscissa: time in days. 

Vehicle: cellugel II. 

Dose: dihydrostreptomycin, 1 gm. every 
two days, average of four experiments; 
dihydrostreptomycin, 0.5 gm. every two 
days, average of five experiments. 
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Fia. 4D. Ordinate: concentration of drug 
in y per ml. (log scale). Concentration de- 
termined immediately before each instilla- 
tion. 

Abscissa: time in days. 

Vehicle: cellugel 

Dose: dihydrostreptomycin, 0.5 gm. per 
day, average of six experiments; dihydro- 
streptomycin, 1 gm. every two days, aver- 
age of four experiments. 
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F1¢.5A. Ordinate: concentration of drug 
in y per ml. (log scale). Concentration de- 
termined immediately before each instilla- 
tion. 

Abscissa: time in days. 

Vehicle: cellugel II. 

Dose: dihydrostreptomycin, 1 gm. per 
day, average curve and individual curves. 
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Fie. 5C. Ordinate: concentration of drug 
in y per ml. (log scale). Concentration de- 
termined immediately before each instilla- 
tion. 

Abscissa: time in days. 

Vehicle: cellugel II. 

Dose: dihydrostreptomycin, 0.5 gm. per 
day, average curve and individual curves. 


100 + 
50 


012345 67 8 

Fico. 5B. Ordinate: concentration of drug 
in y per ml. (log scale). Concentration de- 
termined immediately before each instil- 
lation. 

Abscissa: time in days. 

Vehicle: cellugel II. 

Dose: dihydrostreptomycin, 1 gm. every 
two days, average curve and individual 
curves. 
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Fig. 5D. Ordinate: concentration of drug 
in y per ml. (log scale). Concentration de- 
termined immediately before each instilla- 
tion. 

Abscissa: time in days. 

Vehicle: cellugel II. 

Dose: dihydrostreptomycin, 0.5 gm. 
every two days, average curve and indi- 
vidual curves. 
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The curves from the individual patients given 0.5 gm. of dihydrostreptomycin 
every second day showed that, after a lapse of one week, the concentration in 
some cases approached or went below 15 y per ml. This concentration is believed 
to be the minimal therapeutic level for cases of this kind. The optimal concen- 
tration is surely considerably higher. 

A dose of 1 gm. of dihydrostreptomycin every two days was sufficient to give 
a constant concentration of 200 to 300 y per ml. during a course of treatment 
lasting ten days. Such concentrations are most probably therapeutically effective. 
A dose of 0.5 gm. every two days, on the other hand, cannot be relied upon to 
maintain a sufficiently high concentration for a longer period than one week. 
After that time the pleural fluid should be emptied and a fresh supply of the 
vehicle and the drug should be administered. 

In 2 patients, 1 gm. of dihydrostreptomycin was given only intrapleurally 
in 300 ml. of cellugel II three days in succession. The concentration simul- 
taneously present in the pleural fluid and in the blood twenty-four hours after 


TABLE 2 
CONCENTRATIONS OF DIHYDROSTREPTOMYCIN*® IN BLOOD AND PLEURAL FLUID 


| 


CASE 1 


Blood Pleural Fluid 
Concentration | ‘onc i Concentration 


5 925 


| 


1 
2 2 | 3 1,150 
3 4 6 1,175 


* Simultaneous concentrations of dihydrostreptomycin in the blood and in the pleural 
fluid twenty-four hours after each instillation (y per ml.). 

Dose: 1 gm. of dihydrostreptomycin on day 0, 1, and 2. 

Vehicle: 300 ml. of cellugel IT. 


each application of the drug was recorded. The concentration of dihydrostrep- 
tomycin in the pleural fluid was approximately 900 to 1,700 7 per ml. and in 
the blood was approximately 2 to 10 y per ml. Thisshows that, in these empyema 
cases, dihydrostreptomycin had passed from the pleural cavity into the blood, 
although the amount transferred was small (table 2). 

As will be seen in figure 6, A and B, there was a considerable difference be- 
tween the concentration of streptomycin and dihydrostreptomycin after intra- 
pleural administration of the same amounts. The differences were more marked 
when the vehicle was 0.9 per cent NaCl, but were present to a certain extent also 
in cellugel I. In both instances, the dihydrostreptomycin concentration was 
higher than that of streptomycin. 

The absolute amounts of streptomycin and dihydrostreptomycin in the pleural 
fluid at each emptying at the end of a ten-day period were calculated from the 
concentration of the drugs in the pleural fluid and the total amount of exudate. 
Only those cases in which 1 gm. of streptomycin or dihydrostreptomycin was 
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administered daily were included. The emptying was performed twenty-four 
hours after the last instillation of drug. The results are given in table 3. The 
tendency disclosed by these values coincided well with the information yielded 
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Fic. 64. Ordinate: concentration of drug Fic. 6B. Ordinate: concentration of drug 

in y per ml. (log scale). Concentration de- in y per ml. (log scale). Concentration de- 
termined immediately before each instilla- termined immediately before each instilla- 


tion. tion. 
Abscissa: time in days. Abscissa: time in days. 
Vehicle: 0.9 per cent NaCl. Vehicle: cellugel I. 
Dose: streptomycin, 1 gm. per day, aver- Dose: streptomycin, 1 gm. per day, aver- 


age of three experiments; dihydrostrepto- age of six experiments; dihydrostreptomycin, 
mycin, 1 gm. per day, average of three 1 gm. per day, average of eight experi- 
experiments. ments. 


TABLE 3 


Amounts oF STREPTOMYCIN AND DIHNYDROSTREPTOMYCIN (IN MILLIGRAMS) IN THE PLEURAL 
Fiuip AFTER A Ten-Dar TREATMENT? 


VEHICLE | STREPTOMYCIN DIH YDROSTREPTOMYCIN 
0.9 per cent NaCl 28 (1) | 123.5 (2) 
Cellugel I | 147 (5) 262.0 (8) 
Cellugel I... 295.0 (9) 


* Dose: 1 gm. of streptomycin or dihydrostreptomycin daily. Emptying of the pleural 
fluid twenty-four hours after last instillation of the drug. Average values. Number of ex- 
periments in parentheses. 


by the concentration curves. Thus, high dihydrostreptomycin values were 
found in cellugel I and II (262 and 295 mg., respectively) and lower amounts in 
0.9 per cent NaCl (123 mg.). The total amounts of streptomycin, as the concen- 
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trations, were lower than the corresponding amounts of dihydrostreptomycin in 
cellugel I (147 mg.) and still lower in 0.9 per cent NaCl (28 mg.). 

In these cases, fluoroscopy was used to ascertain that the emptying of the 
pleural cavity was practically complete. Generally, it was considered sufficient 
if, after rinsing, the physiological saline was clear and no more fluid was re- 
covered than had been instilled. 

If 0.9 per cent NaCl is used as the vehicle, dihydrostreptomycin ought to be 
the streptomycin preparation to be used exclusively for intrapleural treatment 
of tuberculous empyema. Even if cellugel is used as the vehicle, dihydrostrep- 
tomycin gives a higher concentration in the pleural fluid. 


SUMMARY 


The intrapleural concentrations of streptomycin and dihydrostreptomycin 
were investigated in 44 series of experiments in 7 cases of tuberculous empyema. 
The drugs were administered intrapleurally, with 0.9 per cent sodium chloride 
(NaCl) and cellugel (a 1 per cent solution of sodium carboxymethyl cellulose) 
used as the vehicles. The following information was obtained. 

The concentration of streptomycin in 0.9 per cent NaCl, even with a 
daily dose of 1 gm., remained surprisingly low; on an average, 50 to 100 
y per ml. after forty-eight to seventy-two hours. This, in the writer’s 
opinion, is one of the reasons for the failures of streptomycin treatment 
of tuberculous empyema previously reported. The doses given were 
apparently too small to maintain a streptomycin concentration in the 
pleural fluid sufficient to give a therapeutic effect. 

The concentration of streptomycin was higher, 500 to 600 y per ml., 
when cellugel was used as the vehicle, and this also applies to dihydro- 
streptomycin in the same vehicle. 

Dihydrostreptomycin showed a higher concentration in the pleural 
fluid than streptomycin, both when 0.9 per cent NaCl and cellugel were 
used as the vehicles. 

With a daily intrapleural dose of 1 gm. of dihydrostreptomycin in 300 
ml. of cellugel, an average concentration of 900 to 1,050 y per ml. was 
obtained ; with 0.5 gm. daily, 400 to 600 y per ml.; and with 1 gm. once 
every two days, the concentrations were 200 to 300 y per ml. over a fairly 
long period of treatment. These concentrations are believed to be thera- 
peutically effective. Dihydrostreptomycin, 0.5 gm. every second day in 
the same amount of cellugel, was not uniformly associated with a concen- 
tration above 15 to 20 y per ml. for longer than a week. This concentra- 
tion is believed to be the minimal therapeutic concentration for cases 
of this kind. 

If 0.9 per cent NaCl is used as the vehicle, dihydrostreptomycin ought 
to be the streptomycin preparation used for intrapleural treatment of 
tuberculous empyema. Even if cellugel is used as the vehicle, dihydro- 
streptomcyin is present in a higher concentration in the pleural fluid. 

The pH in the pleural fluid was found to be 6.9 to 7.0, both when 0.9 
per cent NaCl and unbuffered cellugel (I) were used as the vehicles. 
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If cellugel was buffered with dibasic sodium phosphate (cellugel II), 
the pH could be maintained for a considerable period at a level of 7.8 
to 8.0, considered to be the optimal level for the therapeutic effect of 
streptomycin and dihydrostreptomycin. 
The essential difference in pH between cellugel I and II was apparently 
of no significance in relation to the dihydrostreptomycin concentration. 
Cellugel II can only be used for dihydrostreptomycin. 
From these findings it appears that dihydrostreptomycin given intrapleurally 
in cellugel II in a dose of 1 gm. every second day ought to give a therapeutically 
optimal] effect in the intrapleural treatment of tuberculous empyema. 


SUMARIO 


La Estreptomicina y la Dihidroestreptomicina en el Tratamiento del Empiema 
Tuberculoso: I. Estudios Experimentales de la Concentracién de la Droga 
; Alcanzada con Varios Vehiculos 


: En 44 series de experimentos en 7 casos de empiema tuberculoso, investigéronse las 
: concentraciones intrapleurales de la estreptomicina y la dihidroestreptomicina. Las drogas 
fueron administradas intrapleuralmente, usdndose como vehiculos 0.9 por ciento de clo- 
ruro de sodio (NaCl) y celugel (solucién al 1 por ciento de celulosa-carboximetilo de sodio). 
Obtdvose la siguiente informacién. 

: La concentracién de estreptomicina en 0.9 por ciento de NaCl, hasta con una 

dosis diaria de 1 gm., se mantuvo sorprendentemente baja: por término medio, de 

50 a 100 y por ml. al cabo de cuarenta y ocho a setenta y dos horas. Opina el A. 

, que ésta es una de las causas de los fracasos previamente comunicados de la es- 

, : treptomicinoterapia en el empiema tuberculoso. Las dosis administradas fueron 

; aparentemente demasiado pequefias para mantener en el liquido pleural una con- 

centracién de estreptomicina suficiente para producir efecto terapéutico. 

La concentracién de estreptomicina fué mayor, 500 a 600 y por ml., cuando se 
usé celugel como vehiculo, y esto también reza con la dihidroestreptomicina en el 
mismo vehiculo. 

La dihidroestreptomicina mostré una concentracién mayor que la estreptomicina 
en el liquido pleural, al usar como vehiculos tanto el cloruro de sodio al 0.9 por 
ciento cuanto el celugel. 

Con una dosis intrapleural diaria de 1 gm. de dihidroestreptomicina en 300 ml. 

1 de celugel, obtdvose una concentracién media de 900 a 1,050 y por ml.; con 0.5 gm. 
diarios, 400 a 600 y por ml.; y con 1 gm. una vez cada dos dias, las concentraciones 
fueron de 200 a 300 y por ml. durante un periodo bastante largo de tratamiento. 
Esas concentraciones parecen ser terapéuticamente eficaces. No puede contarse 
con que la dihidroestreptomicina, 0.5 gm., cada dos dias en la misma cantidad 
de celugel, mantenga una concentracién superior a a 15 a 20 y por ml. por mds de 
una semana. Esta parece ser la minima concentracién terapéutica para casos de 
este género. 

Si se usa como vehiculo cloruro de sodio al 0.9 por ciento, la dihidroesteepto- 
micina debe ser la preparacién estreptomicinica usada exclusivamente para tra- 
tamiento intrapleural del empiema tuberculoso. Aun usando celugel como 
vehiculo, la dihidroestreptomicina arroja una concentracién mayor en el liquido 
pleural. 

El pH del liquido pleural resulté ser de 6.9 a 7.0, al usar como vehiculos tanto 
cloruro de sodio al 0.9 por ciento cuanto celugel sin amortiguar (I). 

Si se amortiguaba el celugel con fosfato bibdsico de sodio (celugel II), podia 
mantenerse el pH durante bastante tiempo a una cifra de 7.8 a 8.0, que pasa por 
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ser la 6ptima para el efecto terapéutico de la estreptomicina y la dihidroestrepto- 
micina. 
La diferencia fundamental del pH entre el celugel I y el II no revistié la menor 
importancia para la dihidroestreptomicina. 
Dicha preparacién, celugel II, s6lo puede usarse para la dihidroestreptomicina. 
La dihidroestreptomicina administrada intrapleuralmente en celugel II a dosis de 1 
gm. cada dos dias debe, pues, producir un efecto terapéuticamente éptimo en el trata- 
miento intrapleural del empiema tuberculoso. 


RESUME 


Streptomycine et dihydrostreptomycine dans le traitement de l’empyéme 
tuberculeur: I. Etudes erpérimentales des concentrations de ces 
antibiotiques réalisées avec divers véhicules 


Les concentrations intrapleurales de streptomycine et de dihydrostreptomycine ont été 
étudiées au cours de 44 séries d’expérimentation dans 7 cas d’empyéme tuberculeux. Ces 
antibiotiques étaient administrés dans la cavité pleurale, la solution de NaCl A 0,9% et le 
cellugel (solution 4 1% de carbométhy! cellulose de sodium) étant utilisés comme véhi- 
cules. Les informations suivantes ont été obtenues. 

Les concentrations de streptomycine dans la solution de NaCl 4 0,9%, méme a la 
dose quotidienne de 1 gramme, sont restées étonnamment basses, avec une moyenne 
de 50 4 100 y par ml. au bout de 48 A 72 heures. Ceci, selon l’opinion de |’auteur, 
est une des raisons de |’échec du traitement de l’empyéme tuberculeux par la 
streptomycine, comme il a été rapporté précédemment. Les doses données étaient 
apparemment trop faibles pour maintenir dans le liquide pleural une concentra- 
tion de streptomycine suffisante pour obtenir une action thérapeutique. 

Les concentrations de streptomycine étaient plus élevées, 500 4 600 y par ml. 
quand le cellugel était utilisé comme véhicule; ceci est également valable pour 
la dihydrostreptomycine dans ce méme véhicule. 

La concentration de la dihydrostreptomycine dans le liquide pleural est plus 
élevée que celle de la streptomycine quand l’une ou |’autre ont pour véhicule 
la solution de NaCl a 0,9% ou le cellugel. 

Avec une dose quotidienne de 1 g. de dihydrostreptomycine dans 300 ml. de 
cellugel, une concentration moyenne de 900 a 1.050 y par ml. a été obtenue; avec 
0,5 g. par jour, 400 A 600 y par ml.; avec 1 g. une fois tous les deux jours les con- 
centrations étaient de 200 A 300 y par ml.; ceci, pendant une période de traite- 
ment assez prolongé. On estime que ces concentrations possédent une valeur 
thérapeutique. La dihydrostreptomycine, A la dose de 0,5 g. tous les deux jours 
dans la méme quantité de cellugel, ne permet pas de compter sur le maintien d’une 
concentration dépassant 15 ou 20 y par ml. pendant plus d’une semaine. Cette 
limite est considérée comme la concentration thérapeutique minima pour les 
cas de cette sorte. 

Si la solution de chlorure de sodium A 0,9% est utilisée comme véhicule, la dihy- 
drostreptomycine devrait étre la préparation de streptomycine exclusivement 
utilisée pour le traitement intra-pleural de l’empyéme tuberculeux. Méme dans 
le cas od le cellugel est utilisé comme véhicule, la dihydrostreptomycine procure 
une concentration plus élevée dans le liquide pleural. 

La valeur du pH du liquide pleural était de 6,9 4 7, aussi bien quand la solu- 
tion de chlorure de sodium A 0,9% et le cellugel non tamponné (cellugel I) ont été 
utilisés comme véhicules. 

Lorsque le cellugel était tamponné avec le phosphate de sodium dibasique 
(cellugel II), le pH pouvait étre maintenu pendant une période considérable A 
une valeur de 7,8 A 8, considérée comme étant le pH le plus favorable & l’effet 
thérapeutique de la streptomycine et de la dihydrostreptomycine. 
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La différence essentielle dans le pH, entre le cellugel I et II était, apparemment 
sans importance quant a la concentration de la dihydrostreptomycine. 
Cette préparation, le cellugel II, ne peut étre employée que pour la dihydrostrep- 
tomycine. 
Done, la dihydrostreptomycine intrapleurale dans le cellugel II, a la dose de 1 g. tous 
les deux jours, devrait procurer un effet thérapeutique optimum dans le traitement in- 
trapleural de l’empyéme tuberculeux. 
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STREPTOMYCIN AND DIHYDROSTREPTOMYCIN IN THE TREAT- 
MENT OF TUBERCULOUS EMPYEMA' 


II. Studies with Cellugel as Vehicle 
I. STAHLE 
(Received for publication February 11, 1952) 


INTRODUCTION 


Treatment of tuberculous empyema with streptomycin, applied locally, has 
in general not come up to expectations (1, 2, 5, 6, 9, 10, 11, 12, 13, 14, 15, 18, 22, 
24, 28, 29). Hinshaw and collaborators believed this to be due, in part, to the 
acid reaction of the pus (the effect of streptomycin is greatly reduced in an en- 
vironment of this kind) as well as to granulomatous changes in the walls and to 
hydrolytic protein products in the pus which hamper the action of streptomycin. 
In Riggins and Hinshaw’s book on streptomycin and dihydrostreptomycin, pub- 
lished in 1949 (12), the following statement appears: “The chances for the suc- 
cessful control of tuberculous empyema would appear to be exceedingly remote.” 
This pessimistic view, however, is not shared by all investigators. Several writers 
report that they have achieved a cure in some cases by means of repeated rinsings 
with 0.9 per cent sodium chloride (NaCl) and intrapleural administration of 
streptomycin, often combined with intramuscular streptomycin (7, 8, 16, 17, 
19, 20, 26). The best results seem to be achieved in extrapleural empyema and 
in acute empyema. French and Italian investigators, in particular, have at- 
tempted to alkalinize the pus of empyema in order to improve the chances for 
success (5, 21, 25). The clinical results seem to have been fairly good. Christensen 
(8) used alkalinization with success in five of his empyema patients, two of whom 
had bronchopleural fistulas. However, he advised against the practice of keeping 
the pH at the 8.0 level, as he considered this would be injurious for the tissues, 
but his reasons for adopting this view are not stated. Padovani and Jotti (21) 
maintained that alkalinization promotes the regenerative processes and ought, 
therefore, to be used as much as possible. Posternak (23) treated cases of empy- 
ema with streptomycin and dihydrostreptomycin in a polyviny] alcohol solution 
buffered to pH 7.5 with borax solution and succeeded in curing nine patients. 
Guinea pig tests, carried out afterwards with the exudate, also proved to be 
negative. The results were also good in empyema of long standing. 

The present writer has previously shown (27) that, if cellugel (a 1 per cent 
solution of sodium carboxymethyl] cellulose) is used as the vehicle and 1 gm. of 
dihydrostreptomycin is added to it once every two days, a fully satisfactory 
therapeutic concentration of dihydrostreptomycin is obtained. If this cellugel is 
buffered with dibasic sodium phosphate, the pH can be maintained at the level 
ensuring an optimal streptomycin effect (pH 2 7.8). The concentrations of 
streptomycin and dihydrostreptomycin were higher in cellugel than in 0.9 per 
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cent NaCl, in spite of the fact that the experimental conditions were the same in 
all other respects. 


METHODS AND PROCEDURE 


Test subjects: Seven cases of empyema, including 2 of the extrapleural type, were studied. 
In addition, a case of pleural empyema with a bronchopleural fistula was treated, but this 
case will be discussed separately. 


Vehicles: 

Cellugel I 
Sodium carboxymethyl] 10.0 gm. 
Nipagin?...... 1.0 gm. 


1 Normal sodium hydroxide to make pH = 9.5. Twenty-four hours after the 
application intrapleurally of the vehicle, pH was approximately 7.0. 


Cellugel II 
Sodium carboxymethyl cellulose. ... 10.0 gm. 
pH = 8.15 (pH = 7.8to8.0 fora ten-day period of treatment) 
Preparations: 


Streptomycin: The preparation used was a complex salt of streptomycintrichloride 
and calcium chloride, containing 0.730 gm. streptomycin base per gm. 

Dihydrostreptomycin: The preparation used was bisdihydrostreptomycintrisulfate, 
containing 0.780 gm. base per gm. 

Nipagin is added in order to better conserve the solution. 


Procedure 


With the patient on his back, and after local anesthesia had been produced, a puncture 
was made with a long, coarse, specially constructed needle into the second intercostal 
space. The head-end of the underlying support was then lowered slightly. The empty- 
ing was done with a water pump or a hypodermic syringe. In this way, the exudate can 
be emptied rapidly and completely, controlled by fluoroscopy. The risk of secondary 
fistula formation is extremely slight, as the area of the puncture hardly comes into con- 
tact with the empyema fluid at all. With this technique, a parietal fistula occurred in 
only one case (Case 8 with a bronchopleural fistula) and then only after many empty- 
ings. The position in question is comfortable for both the patient and the operator, and 
the fainting attacks liable to occur in connection with other methods are avoided. 

After a complete withdrawal of the empyema fluid and rinsing with 0.9 per cent NaCl 
until a clear solution was obtained, 300 ml. of cellugel (I or I1) were applied, to which 
1.0 gm. of streptomycin or varying amounts of dihydrostreptomycin, 0.5 to 1.0 gm., 
were added. Then streptomycin (10 gm.) was added daily, or dihydrostreptomycin (0.5 
to 1.0 gm.) daily or once every two days, to the pleural fluid for up to ten days. The cel- 
lugel was changed every ten days. 

Streptomycin and dihydrostreptomycin were only administered locally into the pleural 
fluid in this study. 


? Nipagin is methylparabenzoate (methylparaben in the American Pharmacopea). 
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RESULTS 


Treatment with streptomycin or dihydrostreptomycin in a nonalkaline cellugel so- 
lution (I), pH = 7.0: Fourempyemacases (Cases 1, 2, 3, 4), three of pleural empy- 


TABLE 1 
INTRAPLEURAL TREATMENT OF TUBERCULOUS EMPYEMA WITH STREPTOMYCIN OR 
DIHYDROSTREPTOMYCIN IN NONALKALINE (C I) orn ALKALINE (C II) 
CELLUGEL SOLUTION 


INTRAPLEURAL TREATMENT | TUBERCLE BACILLI IN EXUDATE 

ONSET OF sil? 

EMPYEMA Vehi. CLINICAL RESULT 
Drug Aiter 


CASE NUMBER | 


| 1949; extra- | 19 CI | Cult.+ | Cult. Cured; no 
| pleural 21 iCI G.p. + | Gop. | exudate 
pneumo- 
thorax 


Cult. + ‘ult. Cured; slight 
male Gp. + (| Gp. | exudate 


3, I. G., + . | Cured; no 
female M | on smear .p. | exudate 


NE. | | Cult.+ | Cult.— | Cured; no 
male DHSM |G.p. + | Gop. exudate 
DHSM | 


5,V.J. | 1950 ‘DHSM Cult. + Cult. Cured; no 
female = | G.p. + Pp. | exudate 


6,G.P., | 1950; extra- | 66) DHSM Cult.+ | Cult.— | Cured; no 
pleural Gp. + |Gp. + | exudate 
pheumo- Bovine tuberculosis | 


thorax 


Cult.+ | Cult. Cured; slight 


33«DHSM |CII| 
G.p. + | Gop. | exudate 
DHSM CII + Cult. No cure 
| on smear G.p. 


SM = streptomycin. 

DHSM = dihydrostreptomycin. 

Cult. = cultivation on Léwenstein medium. 
G.p. = inoculation on guinea pig. 

C I = cellugel I. 

C Il = cellugel II. 


ema and one of extrapleural empyema, were treated in this way. Tubercle 
bacilli of the human type had been demonstrated in the exudates from all of 
the cases. One of the patients with pleural empyema and the patient with ex- 


287 

| 
1, B. R., 
male 

7,8. A., 
male 
8,N.A., | 
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trapleural empyema recovered rapidly (Cases 1 and 2); the other 2 showed only 
slight improvement. In the 2 cured patients, both cultures and guinea pig in- 
oculations, using pleural washings, were negative for M. tuberculosis at the ter- 
mination of the treatment. One year after the end of treatment, in the patient 
with the extrapleural empyema no exudate has reappeared; and, in the other pa- 
tient who was cured, a small amount of clear exudate developed after six months 
but has since shown no signs of increasing. In the 2 patients who were not 
cured, treatment was continued in accordance with the principles applied in 
group 2, and these 2 cases are included in that group (table 1). 

Treatment with dihydrostreptomycin in cellugel (11) with a pH giving the optimal 
effect of streptomycin (pH in cellugel = 8.15): The series consisted of 5 cases (Cases 
3, 4, 5, 6, 7), including 4 of pleural empyema with tubercle bacilli of human type 
and one of extrapleural empyema with bovine tubercle bacilli in both the empy- 
ema fluid and the sputum (Case 6). In all of these cases, a clear exudate was 
obtained after a course of treatment of varied duration. After the termination of 
the treatment, cultures and guinea pig inoculations with the exudate were nega- 
tive for M. tuberculosis in 3 cases, while in 2 cases (Cases 6 and 7) the guinea pig 
inoculations alone were positive. In one of the last-named 2 cases, the pleural 
cavity is now dry; in the other, there is still a small amount of thin clear exudate 
which contains tubercle bacilli as shown by guinea pig inoculation. In the remain- 
ing cases there is now no exudate. There were no recurrences after an observation 
time of six to nine months (table 1). 

In one case (Case 8) there was pleural emypema with a bronchopleural fistula. 
In this patient, after a long course of treatment (146 days) in accordance with 
the principles mentioned above, the only result achieved was that the pus became 
less thick. The fistula was still open. In this case, the concentration of dihydro- 
streptomycin was strikingly high despite the constant expectoration of empyema 
fluid, and the pH in the cellugel was approximately or well over 8.0. Towards the 
end of the treatment period, the patient was given a couple of courses of therapy 
with 0.9 per cent NaCl as the vehicle; and, during these periods also, the pH was 
remarkably high (7.5). This finding is interpreted as indicating that considerable 
alkalinization of the wall had taken place owing to the protracted treatment with 
an alkaline gel. 


DISCUSSION 


Of 4 cases of tuberculous empyema treated with streptomycin or dihydro- 
streptomycin in a nonalkaline cellugel solution, complete recovery was achieved 
in 2 cases. Of 5 cases treated with dihydrostreptomycin in a cellugel solution, the 
level of pH in it being optimal for the effect of streptomycin and dihydrostrepto- 
mycin, all were cured. No injurious effects were observed as the result of the 
alkalinization in these cases. 

Increased scarring as a result of the cellugel treatment was not observed in any 
of these cases. On the contrary, even a nearly normal diaphragmatic function 
was seen after the treatment in some cases, for instance in Case 5, making a 
secondary surgical treatment unnecessary. 
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The distinctly better results obtained with the latter method of treatment 
suggest strongly that continuous alkalinization of the empyema fluid is of con- 
siderable significance to the healing process during treatment with streptomycin 
and dihydrostreptomycin. Thus, also in old empyemas, it was possible to obtain 
a cure with dihydrostreptomycin in an alkaline cellugel solution. 

Of course, the above-mentioned treatment of tuberculous empyema with dihy- 
drostreptomycin in a | per cent cellugel solution is not always sufficient because 
in old empyemas the thickening of the visceral pleura prevents the expansion of 
the lung, thus requiring a secondary surgical treatment in order to close the 
pleural space. According to the writer’s experience in acute empyemas, on the 
other hand, the therapy in most cases gives a very good final result with astonish- 
ingly good lung function. 

The treatment was unsuccessful in one case, probably owing to the presence 
of a persistent pleurobronchial fistula. It is questionable whether the alkaliniza- 
tion of the empyema fluid has anything to do with the persistency of the fistula. 
In one of Christensen’s (8) cases in which the pH was maintained at a high level 
(8.5), a pleurobronchial fistula was present and closed during the treatment. 
Padovani and Jotti (21) considered that alkalinization on thecontrary promoted 
regeneration. 

In the decision as to when treatment should be terminated, there are two cri- 
teria which must be followed. One is that the exudate, when emptied, must be 
grossly clear at least once after a course of treatment of ten days. The other 
essential is that the absorption tendency must dominate; in other words, when 
the emptyings are carried out, the recovery must be less than the amount that 
has been applied. In the 7 cases of empyema in which a cure was effected, the 
time which elapsed before these conditions were fulfilled varied from ten to ninety 
days, the average being thirty-six days. 


SUMMARY 


Four patients with empyema were treated with streptomycin or dihydro- 
streptomycin in a nonalkaline cellugel solution (a 1 per cent solution of sodium 
carboxymethy] cellulose). Two of these were cured; 

Five patients with empyema (one caused by bovine tubercle bacilli) were 
treated with dihydrostreptomycin (0.5 to 1.0 gm. daily or every second day) in 
an alkaline cellugel solution (pH = 7.8). All 5 of these patients were cured. No 
injurious effects were noted as the result of the alkalinization. No increased 
scarring as a result of the cellugel treatment was observed. In another case with 
a persistent pleurobronchial fistula, the treatment was unsuccessful. 

Continuous alkalinization of the empyema fluid seems to be of considerable 
significance to the healing process during treatment with streptomycin or dihy- 
drostreptomycin, the effect of the drugs being improved in this way. Even in old 
empyemas, it was possible to obtain a cure with dihydrostreptomycin in an alka- 
line cellugel solution. Nevertheless, in old empyemas, a secondary surgical treat- 
ment is often required in order to close the pleural space; in acute empyemas, this 
is not usually necessary. 
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SUMARIO 


La Estreptomicina y la Dihidroestreptomicina en el Tratamiento del Empiema Tuberculoso: 
II. Estudios con Celugel como Vehiculo 


Cuatro casos de empiema fueron tratados con estreptomicina o dihidroestreptomicina 
vehiculizada en una solucién no alcalina de celugel (solucién al 1 por ciento de celulosa- 
carboximetilo de sodio). Dos de ellos sanaron. 

Cinco casos de empiema (uno con tuberculosis bovina) fueron tratados con dihidroes- 
treptomicina (0.5 a 1.0 gm. diarios o cada dos dias) en una solucién alcalina de celugel 
(pH de 7.8). Todos esos enfermos se curaron. No se noté ningdn efecto nocivo a consecuencia 
de la alealinizacién. En un caso con una persistente fistula pleurobronquial, el tratamiento 
no dié resultado. 

La alcalinizacién continua del liquido empiematoso parece revestir considerable im- 
portancia en el proceso curativo durante ei tratamiento con estreptomicina o dihidroes- 
treptomicina, realzdndose de ese modo el efecto de los antibidticos. 

Fué, pues, asi posible obtener también, en los empiemas antiguos la curacién con la 
dihidroestreptomicina disuelta en una solucién alcalina de celugel. 


RESUME 


Streptomycine et dihydrostreptomycine dans le traitement de l’empyéme tuberculeuz: II. Etudes 
avec le cellugel comme véhicule 


Quatre cas d’empyéme ont été traités par la streptomycine ou la dihydrostreptomycine 
dans une solution non alcaline de cellugel (solution A 1% de carbométhylcellulose de sodium). 
Deux de ces cas furent guéris. 

Cinq cas d’empyéme (un par tuberculose bovine) furent traités avec de la dihydros- 
treptomycine (0,5 A 1 g. par jour, ou tous les deux jours) dans une solution alcaline de 
celluge! (pH 7,8). Tous ces malades furent guéris. Aucune réaction nocive liée & |’alcalini- 
sation n’a été observée. Dans un cas oi il y existait une fistule pleuro-bronchique persis- 
tante, le résultat du traitement a été négatif. 

L’alcalinisation continue du liquide d’empyéme parait avoir une importance considérable 
pour le processus de cicatrisation au cours du traitement par la streptomycine ou la di- 
hydrostreptomycine, l’action des antibiotiques se trouvant améliorée par cette méthode. 
C’est ainsi que la guérison a pu étre obtenue, méme dans des empyémes anciens, avec la 
dihydrostreptomycine dans une solution alcaline de cellugel. 
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A METHOD FOR STANDARDIZATION OF TUBERCULIN PREPARA- 
TIONS BY INTRACUTANEOUS REACTIONS IN HUMANS' 


Comparison of Two Purified Tuberculins 
SVEN NISSEN MEYER 
(Received for publication March 24, 1952) 


INTRODUCTION 


Tuberculin is a product of tubercle bacilli. It contains one or several substances 
which produce biologically characteristic actions in hosts infected with tubercle 
bacilli. Highly active substances have been isolated from the crude extract of 
cultures of tubercle bacilli, but the chemical constitution of the active principles 
in tuberculin is still unknown, and no chemical assay has yet been developed. 

With the extensive use of tuberculin for diagnostic work, for selecting individ- 
uals for BCG vaccination, and for research on tuberculosis, it is highly desirable 
to have a satisfactory way of estimating the amount of active substances con- 
tained in various preparations. Several methods, usually denoted as methods of 
standardization, based on some biologic action have been used to relate the 
strength of various preparations to one product arbitrarily accepted as a stand- 
ard. 

A requirement for any standardization is a biologic reaction which has a 
quantitative relationship to the amount of active substance used. This rela- 
tionship can be expressed graphically as a “dose-response curve” by plotting 
various doses as abscissas and the corresponding responses as ordinates in a 
rectangular coordinate system. The efficiency of a method used for comparing 
two products will depend to some extent on the steepness of this curve. The 
greater the increase in response for a given increase in dose, the more efficient 
is the particular method of standardization. Determination of the dose-response 
curve, therefore, is essential for evaluating the utility of the method. 

Doses from two preparations, e.g., the dose d, from an unknown preparation 
and do from the standard, are said to be equivalent if they contain the same 
quantity of active substance. The inverse ratio between these doses, ie., do/di, 
is called the ratio of potency of the preparations. 

Equivalent doses must produce reactions of equal average size in the same 
test subjects. On the other hand, the assumption that equal mean responses 
indicate equivalent doses and that a ratio of potency can therefore be deter- 
mined is correct only if the preparations are qualitatively equal. This means that 
the same substance is responsible for the biologic activities of the two prepara- 
tions, or that one of the preparations can be regarded as merely a dilution of the 
other. In such a case the same ratio of potency should be found, regardless of the 
nature of the test subject or of the type of reaction used for comparison. More- 
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over, every multiple of two equivalent doses should also be equivalent; that is, 
the same ratio of potency should be found with either large or small doses. 

Not infrequently, different ratios of potency are obtained with different test 
subjects or methods, indicating that the preparations contain more than one 
active component. The relative activity of these components for different species 
may vary, and each of them may be particularly responsible for a certain kind 
of reaction. If, in addition, the active components are not present in the same 
proportion in two preparations, the result of a comparison will vary according to 
test subjects or method used. 

Among the biologic properties of tuberculin, the production of a local skin 
reaction as well as the shock effect have been used for standardization in tuber- 
culous guinea pigs. In some instances standardization is also carried out on 
human subjects by means of the skin reaction. Nevertheless, the experimental 
design in most of these methods has serious shortcomings. In addition to the 
element of personal bias in interpretation of results when the various test doses 
are placed on the arm according to a fixed pattern, the number of cases for test- 
ing is usually insufficient and the subjects selected are often so highly sensitive 
to low doses of tuberculin that they cannot be considered representative of the 
persons on whom the tuberculin will later be used. 

It has been maintained that “skin effect” and “‘shock effect” are due to differ- 
ent components of tuberculin (1). Since the former is utilized in routine examina- 
tions and studies of human beings, it is appropriate to standardize according to 
the skin effect, i.e., to disregard the shock component when a ratio of potency is 
determined. 

Even in a comparison limited to the skin effect in humans, qualitative differ- 
ences between two preparations still must be considered. Human populations 
may be sensitized by different, although related, antigens. In this connection, it 
is of interest that animal work has shown that tuberculins derived from different 
strains of tubercle bacilli (human, bovine, avian, BCG) are qualitatively differ- 
ent. Each type of tuberculin is relatively favored by a test group sensitized by 
the corresponding (homologous) strain, but in most cases some reaction is also 
produced in groups sensitized by other (heterologous) strains (2, 3, 4, 5). In human 
populations, however, it is rarely possible to obtain direct information about the 
antigens responsible for sensitivity except for artificial BCG vaccination. In 
addition to the known types of tubercle bacilli, there may be other organisms 
which can induce some degree of sensitivity to tuberculin or perhaps only to a 
certain component of the tuberculin. Preparations containing a high proportion 
of this component will then be particularly potent in persons sensitized by the 
corresponding antigen. In fact, demonstration of anomalous sensitivity in re- 
sponse to a certain product may even indicate that the population in question 
must be sensitized by other organisms in addition to tubercle bacilli. The sig- 
nificance of such findings will be brought out in connection with a subsequent 
paper from the Tuberculosis Research Office. 

Qualitative differences between preparations might appear, even if all test 
subjects have been sensitized by the same antigen. The subjects usually differ 
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in degree of sensitivity, and it may be impossible to find two doses which are 
equivalent on every level of sensitivity. The relationship between two such 
tuberculins could not be expressed by a single ratio of potency, and the prepara- 
tions would therefore be qualitatively different. 

Finally, there is the possibility that a ratio of potency determined for small 
doses is not valid for large doses of two preparations, or that multiples of equiva- 
lent doses are not always equivalent. This also indicates that the preparations 
must be considered to be qualitatively different. 

Determination of whether two preparations are qualitatively different is an 
essential part of the comparison of tuberculins. Serious problems are not caused 
by a mere quantitative difference, since equivalence can be effected by simply 
adjusting the dose. If qualitative differences exist, however, one preparation 
cannot be substituted for another by any adjustment of the dose, even though 
equal mean responses may be produced under certain conditions. 

The present report describes the experimental design, the analysis, and the 
results of a comparison of two purified tuberculins, PPD-S and RT XIX-XX- 
XXI. PPD-S was produced in 1940 as the international standard PPD under 
the supervision of Dr. Florence Seibert. It has been used in large quantities 
during the past eleven years in the United States for routine purposes as well 
as for extensive research studies. Smaller quantities have been sent to several 
countries of Europe, Central and South America. RT XIX-XX-XX1I is a mixture 
of three lots prepared in 1945 to 1946 at Statens Seruminstitut in Copenhagen, 
Denmark. It was used for the International Tuberculosis Campaign from April, 
1948 to February, 1950 on approximately six or seven million persons in Poland, 
Czechoslovakia, Yugoslavia, Hungary, and Greece. It has also been used for 
investigations of tuberculin sensitivity and post-vaccination allergy conducted 
by the Tuberculosis Research Office in Copenhagen. 


MATERIALS AND METHODS 


Preparations of the Purified Tuberculins 


Dr. Florence Seibert has kindly provided the following summary of the prep- 
aration of PPD-S: 


Human-type tubercle bacilli, strain DT, were grown on Long’s synthetic me- 
dium for eight to ten weeks at 37.5°C. The cultures were heated in the Arnold 
sterilizer for three hours and then filtered first through a Buchner funnel and then 
through a Mandler candle, at a temperature of 4° to 5°C. At this temperature bac- 
teria-free filtrate was concentrated by means of ultrafiltration and washed with 
weak phosphate buffer of pH 7.3, containing 0.8 per cent toluol. The final concen- 
tration was 0.7 to 1.3 per cent protein. An equivalent volume of neutralized satu- 
rated ammonium sulfate solution was added to the solution and the precipitation 
repeated seven more times. The final precipitate was re-dissolved, clarified by 
filtration through a Mandler filter, washed free of ammonium sulfate on the ultra 
filter, again filtered through the Mandler filter to insure sterility, and lyophilized 
in quantities containing 10 or 50 mg. of protein, based on nitrogen analyses. The 
vials were sealed under vacuum. The final product contained 1.2 per cent nucleic 
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acid and 5.9 per cent carbohydrate, and was highly potent in the skin test on tuber- 
culous patients. 
For further details see Sersert, F. B., anp GLENN, J. T., Am. Rev. Tuberc., 1941, 44, 9 
The preparation RT is prepared in the following way: 

Human-type tubercle bacilli are grown on Sauton’s medium for five weeks at 
37°C., killed by sterilizing for one hour in flowing steam at 1.2 atmosphere, and 
filtered first through a double layer of filter paper and then through a bacteria- 
proof filter (Berkefeld filter). The filtrate is concentrated to one-twentieth of the 
volume and washed in distilled water by ultrafiltration through a 7 per cent col- 
lodium membrane. The tuberculin-active substances are precipitated from the con- 
centrate by addition of trichloracetic acid (2 gm. per 100 ml. of concentrate). The 
resulting sediment is washed with 2 per cent trichloracetic acid solution and, after 
washing and dehydration with water-free ether, the purified tuberculin is obtained 
as an amorphous powder. 

For further details see Jensen, K. A., Brnpstev, G., Méuuer, S., Hansen, A., AND 
Linp, P., Tubercle, 1938, 19, 443; and Linp, P., Acta tuberc. Scandinav., 1947, 21, 137. 
Both purified tuberculins used in this study were diluted to the specified strengths in a 
buffer with pH = 7.38 and composed as follows: 
m/15 disodium acid phosphate. . 
m/15 potassium dihydrogen phosphate... .... 
2.4 per cent sodium chloride with 0.05 per cent chinosol. 


Total 


General Design of the Studies 


The present investigation comprises a series of studies, designed partly for a 
determination of the dose-response curve for RT tuberculins, partly for a com- 
parison of PPD-S and RT XIX-XX-XXI. The following general principles 
apply to these studies. 


The measured size of induration to the intradermal Mantoux test was used as a quanti- 
tative estimate of the biologic response to a given dose of tuberculin. Two tests, sym- 
metrically placed on the dorsal surfaces of the forearms, were given to each person. A 
fixed control dose was used as one of the tests, given alternately on the left and right arms. 
The test on the other arm was one of three, or in some studies four, variable doses. To 
obtain comparable groups the variable doses were given by rotation to the subjects in 
the order they met for examination. 

Within each study all tests were given by the same tester, who carefully injected 0.1 
ml. of dilution intradermally from non-leaking syringes. The syringes containing various 
doses were clearly marked to enable the assistant to check and record the application of 
doses and preparations in accordance with the plan. 

Readings were made after seventy-two hours and always by the same reader throughout 
each study. Transverse diameters of erythema and induration were measured as accurately 
as possible, first on the left and then on the right arm, and results were dictated to the 
secretary in this order. The reader did not know the identity of the tests being read. 

This design of the investigation was used in order to avoid influence of systematic 
errors or personal bias on the results. It is essential that the tests for various preparations 
and doses are distributed at random in the total number of subjects and that all observa- 
tions are made without knowledge of the design of this distribution. 
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OBSERVATIONS 
Preliminary Dose-Response Studies 


Three preliminary studies were performed prior to comparing the two prepara- 
tions in order to determine the dose-response relationship for the RT tubercu- 
lins.? 

Study I and Study IIT were conducted in October, 1950, and June, 1951, in two 
rural areas of Denmark in connection with yearly re-examinations of groups 
comprising 375 and 791 BCG-vaccinated school children, respectively. Both 
groups were evenly divided as to sex, all children were within the age span of 
7 to 16 years, and most of them had been vaccinated in 1948. In Study J, three 
different doses, 1, 5, and 10 tuberculin units (TU), were compared with 5 TU as 
the control dose. In Study II/, four variable doses were compared, 2.5, 5, 7.5, 
and 10 TU, with 10 TU as the control dose. In the latter study all reactions were 
read independently by two readers. The tuberculin used in these studies was 
RT XIX-XX-XXI from Statens Seruminstitut in Copenhagen.’ 


TABLE 1 
Mean Sizes or InpuRATION TO Mantoux Tests Various Doses or RT 1N 
BCG-VacctnaTep (Stupres I anp III) anp 1n 
From A Psycnutatric (Stupy II) 


| NUMBER OF PER- MEAN SIZE OF INDURATION TO THE SPECIFIC DOSE 


suB-cRouP | so: NS TESTED IN: | (RESULT OF CONTROL DOSE GIVEN IN PARENTHESES) 
> > Study I Study II Study HI, R Study III, Il 
| 3= 3= (Control Dose, | (Conte Dose, (Contest Dose 4 ‘(Contral Dose 
| 4.38 (7.18) | | | 
1.2TU | | 313 | 8.86 (11.80) | 
2.5 TU | | 205 197 | 9.97 (11.80) 7.54 (14.10) | 7.87 (14.46) 
5.0 TU | 124 297 200) 7.48 (7.21) | 11.11 (11.71) | 9.59 (13.62) | 10.06 (13.82) 
7.5 TU 198 | 11.86 (14.11) | 12.04 (14.21) 


10.0 TU | 131 299 196) 10.33 (6. 61) | 16.94 (12.30) | 12.62 (13.25) | 12.88 (13.46) 


Study II was made on 1,204 mentally ill patients (564 males and 640 females) 
who ranged in age from 15 to 95 years. Although reliable information on previous 
BCG vaccination could not be obtained, apparently only a few had been vac- 
cinated. Four variable doses, 1.25, 2.5, 5, and 10 TU, were used, with 5 TU as 
the control dose, all from batch RT XXII from Statens Seruminstitut.* 

The subjects in each study have been sub-grouped according to the variable 
dose which they received as one of the tests. Within each sub-group the vari- 
able or specific dose and the fixed control dose were used equally often on the 
left and right arms. 

2 A detailed account of these studies will be given in a subsequent paper from the Tuber- 


culosis Research Office by Dr. Johs. Guld. 
* One tuberculin unit of batch RT XIX-XX-XXI contains 1/50,000 mg. of the dry PPD 


substance. 
* One tuberculin unit of batch RT XXII contains 1/75,000 mg. of the dry PPD substance. 
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A summary of the data is presented in table 1, showing the number of persons 
tested together with the mean size of induration for specific dose and control 
dose in each sub-group. It appears that the mean size of induration to the specific 
dose in all studies shows a steady increase with increasing dose, while the differ- 
ences in response to the control dose are insignificant and unsystematic. 

A better expression for the relationship between dose and mean response may 
be obtained by taking the difference between mean responses for specific and 


5 


—— 375 8CG-voccinated schoolchidren tested with RT IXX-XX-XX] (1 TU = Ysoo00 mg PPD) ~ 
——— (204 Patients from mental hospital tested with RT XZ (! TU + Y7s,000 mg PPD) 
° ' 2 3 4 5 6 7 8 9 10 
Dose in tuberculin units 
Fic. 1. Differences between mean sizes of induration to Mantoux tests with a specified 
dose and with 5 TU of the same purified tuberculin. 


-5 


control doses. Graphic presentations of this relationship are given in figure 1 
for Studies I and IJ (both having 5 TU as control dose) and in figure 2 for 
Study III (in which the control dose was 10 TU). The doses are plotted along 
the abscissa, while the ordinate shows the mean response to the specific dose 
as a deviation from the control in the same sub-group. 

It may be seen that the relationship between dose of tuberculin and mean 
size of induration is approximately linear over this limited range, with an in- 
crease of approximately 0.7 to 0.9 mm. in response for each unit of tuberculin. 
The dose has essentially no effect in subjects with a low degree of sensitivity 
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(0 to 3 mm. induration to 5 TU). Among more sensitive subjects (more than 5 
mm. induration to 5 TU usually classified as “‘positive’”’ reactors), an increase of 
1 TU results on an average in an increase of 0.9 to 1.1 mm. in size of induration.® 


Accordingly, an increase of approximately a Xx 1.0 mm. per TU should be 


expected in a group comprised of p per cent “reactors” and (100-p) per cent 
“non-reactors.’”’ This does not imply that the linear relationship shown in the 


2 


5 6 7 8 
Dose in tuberculin units 


Fic. 2. Differences between mean sizes of induration to Mantoux tests with a specified 
dose and with 10 TU of RT XIX-XX-XXI (1 TU = 1/50,000 mg. of PPD) among 791 BCG- 
vaccinated school children. 


figures expresses a true dose-response law, but only that for practical purposes 
it is a satisfactory approximation within a short range of dosage. Over a broader 
range the curve must deviate appreciably from a straight line if an arithmetic 
scale of doses is used. A logarithmic scale, however, is less satisfactory for the 
data in the range used here. 

5 In the subsequent paper (Johs. Guld), details and information on how this relation- 
ship was studied for ‘‘different levels of sensitivity’ will be presented. The problem is 
similar to that discussed on page 300 dealing with the ratio of potency between two prep- 
arations at different levels of sensitivity. 
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The significance of these results for standardization should be clear. Within 
the range of 1 to 10 TU, a dose-response curve can be approximated after deter- 
mination of two points, and the dose which will produce a given mean response 
can then be estimated by interpolation or extrapolation. The more “‘positive”’ 
reactors there are in the test group, the steeper the curve and the more accurate 
the inference from a given response to the corresponding dose. 


Comparison of PPD-S and RT XIX-XX-XXI 


The method suggested here for standardization of tuberculin in human sub- 
jects follows the same general design described for the preliminary dose-response 
studies. Various doses of an unknown tuberculin are compared with a suitable 
fixed control dose of the tuberculin selected as the standard. The dose of the 
unknown tuberculin which gives the same mean response as the standard control 
dose is then estimated by interpolation or extrapolation. 

For the purpose of this study, RT X/X-XX-XXI (hereafter denoted as RT) 
was designated as the “standard”’ because the dose-response relationship had 
already been determined. Ten tuberculin units were considered as an appropri- 
ate fixed control dose of this preparation. While PPD-S is, in fact, accepted as 
the international standard PPD tuberculin, it is considered here as the “un- 
known” preparation for the purpose of illustrating the method. Preliminary 
studies carried out at Statens Seruminstitut on guinea pigs and in a small num- 
ber of humans had indicated that PPD-S probably was stronger than RT weight 
for weight. Accordingly, the following three specific doses were selected for 
PPD-S: 0.00004 mg; 0.00012 mg., and 0.0002 mg. of the purified substance, 
corresponding to 2, 6, and 10 TU. It was expected that the equivalent to the 
10 TU control dose of RT would fall within this range. 

This first part of the comparison of PPD-S and RT was carried out in June, 
1951, on school children in a rural district of Denmark. The study group com- 
prised 544 children, 7 to 15 years of age (277 males and 267 females), all pre- 
viously BCG vaccinated, mostly during 1948 to 1950. 

The results are presented in detail in tables 2, 3, and 4, showing the correla- 
tion between the sizes of induration to 10 TU (0.0002 mg.) of RT and the speci- 
fied dose of PPD-S for each sub-group. 

The mean and the variance® of the sizes of induration have been computed 
for both doses in each sub-group (table 5). Figure 3 graphically represents the 
deviation of the mean induration to each specified dose of PPD-S from the mean 
induration to 10 TU of RT. 

The point where this dose-response curve intersects the abscissa represents an 
estimate of the dose of PPD-S which gives the same mean response as 10 TU of 
RT. A straight line fitted to all three points of the curve, indicated by a dotted 
line in the figure, intersects the abscissa at the point 9.4 TU. The standard error 
of this estimation is approximately 0.3 TU. If the interpolation is based only on 
the points from the two sub-groups tested with 6 and 10 TU of PPD-S, the in- 


* The variance is the square of the standard deviation and thus a measure of the dis- 
persion of the distribution. 


| 


300 SVEN NISSEN MEYER 


tersection is at the point 9.8 TU, also with a standard error of approximately 
0.3 TU. Provided the two preparations are qualitatively equal, their ratio of 
potency should be very close to unity. 

The next question is whether the same ratio will be obtained in test subjects 
with different degrees of sensitivity. Actually, a separation of individual persons 
into different degrees of sensitivity would require an additional tuberculin test, 
independent of those used for comparing the two preparations. The problem, 


TABLE 2 


183 BCG-Vacctnatep Scnoot Distrisutep sy or INDURATION TO 
Manroux Tests wits 2 TU or PPD-S anv 10 TU or RT XIX-XX-XXI 


SIZE OF INDURATION IN uu. TO 10 TU or RT XIX-XX-XXI 
TOTAL 
0 1 2 3 4 5 6 7 10} 11] 22! 13] 25] 16! 19] 20] 21] 22) 23] 24 

0 1 1 2 
nm 1 1/1 2 
2 1 1} 1 3 
= 3 2 12 10 
4 1 1,22 1 15 
5 5 1 4/1 jaa ja 16 
6 1/22) | 18 
1 | 1 14 
a | fa 13 
= 10 1 7 
=u 1 9 
E 13 1} 3) 2) 1) 1 10 
2 14 fa} fala 12 
15 {aj jaja) 9 
= 16 3) 1 7 
17 1 11} 1) 2 6 
2 18 jaa 6 
9 2 2 
20 21 3 
Total... 3] 3/10) 6 6 612 2] 183 


however, can be studied indirectly from the correlation of the results, obtained 
by two (presumably) equivalent doses. 

If the distribution is everywhere symmetrical about the diagonal of equal 
reactions, with the same range of reactions for both doses, the two doses corre- 
spond to each other on all levels of sensitivity. Figure 4A illustrates such a dis- 
tribution schematically. Suppose, however, that one of the preparations is less 
potent than the other in highly sensitive individuals but correspondingly more 
potent for individuals with low sensitivity (so that the average response in the 
entire group is the same). The reactions obtained from this preparation would 
have a smaller range; the two extremes in the group would be pulled together. 
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The distribution would be asymmetrical with respect to the diagonal, as in 
figure 4B. 

An asymmetrical correlation can be demonstrated numerically in various 
ways. Except for very irregular distributions, asymmetry will generally produce 
different dispersions of the marginal distributions. A comparison of the two 
variances will, therefore, provide a simple expression of the degree of asymmetry. 


TABLE 3 
181 BCG-Vaccinatep Scnoot BY Size or INDURATION TO 
Mantovux Tests wits 6 TU or PPD-S anv 10 TU or RT XIX-XX-XXI 


SIZE OF INDURATION IN uu. TO 10 TU or RT XIX-XX-XXI 


2| 3} 4! 5s 7] 8] 9] 10) 11] 12) 13} 14] a5} 16) 17] 18 19} 20| 21| 22 24| 25 
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Total ... 2} |4 13/13) 7/21/15 | 181 


The variances of the marginal distributions for all doses used in this study 
are given in table 5. That the reactions produced by 10 TU of PPD-S and 10 
TU of RT in the third sub-group have exactly the same variance confirms the 
impression of symmetry about the diagnonal of equal reactions seen on inspec- 
tion of table 4. 

The preceding problem concerning the ratio of potency on different levels of 
sensitivity must be clearly distinguished from a variation of the ratio of potency 
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TABLE 4 


180 BCG-Vacctnatep Scnoot Distrisurep sy Size or INDURATION TO 
ManToux Tests wits 10 TU or PPD-S anv 10 ‘TU or RT XIX-XX-XXI 


SIZE OF INDURATION IN uu. TO 10 TU of RT XIX-XX-XXI 
TOTAL 
0 1 2 | 3 6 7 9 | 10; 11 12 | 13 | 14) 16) 17) 18) 19) 20) 21) 22 

| 

2 
a 3 1 1 
4 1 1 4 
» 5 1 4 
= 1/2 1 6 
7 1 3/1} 1 1 7 
So 8 1 1 2 
2 9 1/1 2 
3 0 1 2 1 1 5 
sll 12 
12 113/13 2 7 
13 1} |2/3 2 1 10 
14 1 1 8 
15 1 1/2 4/315, 1/3 20 
= 16 1 5} 1) 45) 1) 2 19 
= 17 1) 1 1) 3) 1) 1 8 
2 4) 6| 3) 1) 1) 2 19 
19 2} | 1/226 21) 16 
20 4} 2) 1) 3) 4 14 
@ 21 3] 3) 5 ll 
22 2/1) 3 
23 2 2 
Total... .| 1 2 10 | 4 6/5 | 5 | 9 [12 | 2 180 

TABLE 5 


MEANS AND VARIANCES OF Sizes oF InpURATIONS TO Mantoux Tests Various 
Doses or PPD-S anv with 10 TU or RT XIX-XX-XXI 1Nn 
BCG-VacctnaTep CHILDREN 


MEAN SIZE OF VARIANCES OF SIZES OF 


wuneee OF INDURATION TO: | INDURATION TO: 
SUB-GROUP TESTED WITH SPECIFIC DOSE PERSONS 
TESTED Specific 10 TU of | Specific | 10 TU OF 
of RT XIX- ose of | RT XIX- 
PPD-S | XX-XXI PPD-S | XX-XXI 
2 TU of PPD-S... eee 183 9.28 | 14.70 | 23.63 | 26.37 
6 TU of PPD-S ' 5 181 13.43 | 15.18 | 22.72 | 20.49 
10 TU of PPD-S.... 180 14.86 | 14.74 | 22.66 | 22.67 


with the size of doses used for comparison. Even after having demonstrated, for 
all levels of sensitivity, a complete equivalence between two doses, e.g., 10 TU 
of PPD-S and RT, it may be questioned whether this will hold for fractions or 
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multiples of both doses. A comparison of the slopes of the dose-response curves 
for the two preparations will give some information about this question. If the 
slopes are different (in comparable groups), the same ratio of potency cannot be 
used in different parts of the dosage scale. A thorough study of the problem re- 
quires, however, that, after the first determination of two equivalent doses, 
additional pairs of presumably equivalent doses be selected from various parts 
of the dosage scale. The results must be correlated for each pair, and the ques- 
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Fic. 3. Differences between mean sizes of induration to Mantoux tests with a specified 
dose of PPD-S and with 10 TU of RT XIX-XX-XXI (1 TU = 1/50,000 mg. for both prod- 
ucts) among 544 BCG-vaccinated school children. 


tion of equivalence in mean response and for separate levels of sensitivity must 
then be considered as before. 

Because of limited facilities for additional testing with higher doses, the 
investigation was confined toa comparison of 100 TU (0.002 mg.) of both prepa- 
rations, which could be expected to be approximately equivalent. The test group 
for this comparison consisted of all the non-reactors from several concurrent 
studies in which 10 TU of RT were being used. From a total of 990 children in 
these several studies, 195 (109 males and 86 females) who reacted with less 
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than 6 mm. of induration to the 10 TU test comprised the group tested with the 
higher doses. All were between 7 and 15 years of age; 108 had been previously 
BCG-vaccinated, 89 in 1948. 

The result of this comparison is given in tables 6 and 7. It is seen that the 
means are practically equal, the difference being only 0.15 mm. with a standard 
error of 0.22 mm. In other words, a ratio of potency of about unity also fits the 
mean response to the 100 TU dose of these tuberculins. 

The variance, however, is somewhat greater for the reactions produced by 
100 TU of RT than for those produced by 100 TU of PPD-S, and the difference 
is statistically significant. A large dose of RT thus seems to give a greater dis- 
persion of the reactions than the corresponding dose of PPD-S. This can also be 
seen by direct inspection of the correlation table (table 6). Among individuals 
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Fie. 4. Schematic illustration of correlation diagrams resulting from: A. two equivalent 
doses; B. two doses giving equal mean responses, without being equivalent for every level 
of sensitivity. 


with small reactions, localized in the upper left-hand corner of the table, a major- 
ity react somewhat stronger to PPD-S than to RT (most of them are below 
the diagonal of equal reactions). In contrast to this, most persons with larger 
reactions react somewhat weaker to PPD-S (they are mostly situated above the 
diagonal). The distribution corresponds to that indicated in figure 4B and implies 
that reactions become more concentrated by the use of 100 TU of PPD-S, more 
dispersed by the use of 100 TU of RT. 

A further clarification of this finding was obtained by separation of the 108 
previously BCG-vaccinated from the 80 non-vaccinated children (in 7 cases 
information was lacking). The results are given in table 8 and tables 9 and 10. 

It appears that 100 TU of RT give larger reactions than 100 TU of PPD-S in 
BCG-vaccinated children with a mean induration of 13.42 mm. against 12.59 
mm. In contrast, PPD-S was stronger in non-vaccinated children, giving a mean 
induration of 5.58 mm. against 4.94 mm. for RT. The differences between the 
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means are statistically significant in both cases. The implications of this finding 
will be discussed in the next section. 


TABLE 6 


195 Scoot By Size or INpURATION TO MantToux TEsTs wITa 
100 TU or PPD-S anv 100 TU or RT XIX-XX-XXI 


SIZE OF INDURATION IN mM. TO 100 TU or RT XIX-XX-XXI 
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TABLE 7 


MEANS AND VARIANCES OF Sizes or INpURATIONS TO Mantoux Tests witx 100 TU or 
PPD-S anv 100 TU or RT XIX-XX-XXI 1n 195 Scuoot CuILpREN 


VARIANCE OF SIZES OF 


PREPARATION | MEAN SIZE OF INDURATION INDURATION 


26.94 
RT XIX-XX-XXI........ . 31.62 


A question not yet considered is the degree to which reactions produced by 
equivalent doses can differ in individual cases. Great disagreement could occur 
between the two tests performed on each single person without influencing the 
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TABLE 8 
MEANS AND VARIANCES OF Sizes or INDURATIONS TO Mantoux Tests wits 100 TU or 
PPD-S anv 100 TU or RT XIX-XX-XXI rn 108 BCG-Vacctnatep anv 80 
Non-VacctnaTep ScHoot CHILDREN 


| MEAN SIZE OF | VARIANCE OF SIZES OF 
INDURATION IN: INDURATION IN: 
PREPARATION | 
CG- Non- BCG- Non- 
Vaccinated Vaccinated Vaccinated | Vaccinated 
il Children Children Children 
PPD-S.... spuaciganesd 12.59 5.58 18.97 | 9.89 
RT XIX-XX-XX1... 13.42 4.94 18.02 8.49 
TABLE 9 


108 BCG-Vaccinatep Distrisutrep sy Size or INDURATION TO 
Mantovux Tests 100 TU or PPD-S 100 TU or RT XIX-XX-XXI 


SIZE OF INDURATION IN mu. TO 100 TU or RT XIX-XX-XXI 
TOTAL 
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means and variances. It would, however, be reflected by an excessive dispersion 
from the diagonal in the correlation diagram. Such poor equivalence of the prod- 
ucts in individual cases would mean that the reactions in each case were deter- 
mined largely by experimental errors and only to a small extent by a property 
(the sensitivity) of the subject. It is reasonable to require that individual dis- 
agreements resulting from equivalent doses of two preparations should not exceed 
those obtained from equal doses of the same preparation. 


TABLE 10 


80 Non-VaccinaTep Scuoot Distrisputep By oF INDURATION TO 
Mantoux Tests wits 100 TU or PPD-S anv 100 TU or RT XIX-XX-XXI 


SIZE OF INDURATION IN uu. TO 100 TU or RT XIX-XX-XXI | 
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A measure of the disagreement in individual cases can be given in different 
ways. One method is to distribute the subjects according to the difference be- 
tween the two tests and compute the variance for this distribution. A variance 
of 5.95 is obtained for the differences between reactions produced by 10 TU of 
PPD-S and 10 TU of RT. As shown in a previous report (6), variances between 
5.47 and 10.28 have been found in corresponding distributions by use of equal 
doses of the same product (10 TU or 5 TU of RT). The agreement in individual 
cases between reactions produced by 10 TU of PPD-S and 10 TU of RT is, 
therefore, not less than between reactions produced by equal doses of RT. 


DISCUSSION 


The present report has two purposes. First, it describes a design for standard- 
izing tuberculin preparations, specifically with respect to their properties for 
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producing skin reactions in humans. Second, it presents the results of a com- 
parison of two important purified tuberculins: PPD-S produced in the United 
States under the direction of Dr. Florence Seibert, and RT XIX-XX-XXI 
produced by Statens Seruminstitut in Copenhagen. 

The method proposed here is based on duplicate intradermal Mantoux tests, 
given symmetrically on the two arms of human subjects, with randomization 
of doses and preparations according to a certain scheme. The test subjects 
consisted of school children, most of whom had been previously BCG vaccinated. 

The use of duplicate tests in contrast to single tests has the advantage of re- 
quiring fewer test subjects. Each pair of reactions reflects a common level of 
sensitivity; thus, if their differences are used to study the effect of a certain 
factor, then the standard error of the result will depend only on experimental 
errors in giving and reading tests. On the other hand, a comparison of two 
preparations on different individuals, each of whom received a single test, entails 
a greater standard error because of random variations in the level of sensitivity. 
Moreover, the use of single tests would not permit a direct correlation of the 
result produced by two preparations. 

The use of more than two tests on each individual is hardly practicable on a 
great number of persons and might also involve a danger of interaction between 
tests placed too close together. 

The test subjects should include a high proportion of “positive” reactors in 
order to benefit from a steep dose-response curve. In the present project, BCG- 
vaccinated school children were chosen partly for this reason and partly because 
the studies could be done in connection with routine re-examinations for post- 
vaccination allergy. It is advisable, however, to compare the preparations on 
vaccinated persons as well as on naturally infected persons, as the comparisons 
may give different results in the two groups. A difference similar to that dis- 
covered between PPD-S and RT at the 100 TU level might have been found 
also at the 10 TU level, if non-vaccinated children had been included in the 
comparison. 

With respect to the doses selected for comparison, certain points should be 
considered: First, the comparison should include doses which are commonly 
used in practical work, i.e., approximately 5 to 10 TU. Next, the dose-response 
curve shows that, within the range of 1 to 10 TU, the higher doses provide a 
more accurate assay because a given change in concentration of the product 
produces a greater change in response. For these reasons 10 TU were chosen as 
an appropriate fixed dose of the standard tuberculin in the present investigation. 

In order to find the equivalent dose of the other preparation, various selected 
doses are tested against this standard dose. In the present study, three different 
doses of the unknown preparation were selected for comparison, but two may 
often be preferred in order to simplify the design and increase the number of 
observations in each comparison. How shall these doses be selected? 

An essential assumption for the method is that the dose-response curve for 
the unknown tuberculin is close to a straight line. The substitution of this 
curve by a straight line will, naturally, be more uncertain over a wide dosage 
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range than over a short dosage range, since the central part of the curve may 
deviate considerably from the straight line connecting the two points. For this 
reason it is desirable to make the interval between the doses small. On the 
other hand, it should not be so small that the equivalent dose falls outside, rather 
than within, the dose span, because this gives a much greater standard error of 
the estimated equivalent. The choice of doses, therefore, must be based on the 
extent to which this equivalent can be anticipated by previous knowledge of the 
preparations. In the absence of such knowledge, it might be profitable to carry 
out a preliminary assay with a wide range of doses, followed by an accurate 
standardization with adjusted doses. 

There is another limitation, however, as to how small the interval between 
the selected doses can be. The closer the points are together, the more uncertain 
is the use of the observed slope for estimating the unknown equivalent dose. 
Suppose that the unknown equivalent lies between the two selected doses, but 
that the dose span is so small that random errors can cause both observed re- 
sponses to fall either above or below the abscissa. It is clear that the intersection 
of the abscissa and the straight line derived from these responses could occur 
very far from the correct value. In such cases (namely, with too small differ- 
ences between the selected doses) it would be better to disregard the observed 
slope for the unknown preparation and to replace it by the one predetermined 
for the standard tuberculin. This would entail considerable uncertainty, however, 
and important information about the slope of the new tuberculin would be 
lacking. 

How great the difference between the two doses must be in order to justify use of the 
observed slope for the unknown preparation depends on the standard error of the in- 
dividual response and on the number of test subjects. The standard error of the estimated 
slope is | 2 , 8 being the standard error of the individual response, d the difference 
between the two selected doses, and N the number of subjects used for testing each dose. 
Each individual response is a difference between two tests on the same person. In this 
study the standard error of this difference was 2.4 mm., 3 mm., and 3.5 mm. in the three 
sub-groups tested with 10 TU, 6 TU, and 2 TU of PPD-S. Assuming the value 3 mm. for 
8, it is found that the use of 50, 100, or 200 subjects for each dose requires differences of 
4 TU, 3 TU, or 2 TU between the doses in order to give a standard error of 0.15 mm. per 
TU in the estimated slope. This can be regarded as satisfactory accuracy when the true 
slope is approximately 1 mm. per TU, as was actually found for RT in the neighborhood of 
5 TU. If the true slope were smaller, greater accuracy would be needed for its estimation. 

The standard error of the estimated equivalent dose depends on the number of test sub- 
jects, on the steepness of the dose-response curve, and on the location of the true equiva- 
lent in relation to the doses selected for comparison. Assuming that the two doses differ 
sufficiently to allow use of the observed slope for the unknown tuberculin, the result can 
be summarized briefly as follows: The standard error is smallest if the true equivalent is 


8 
in the center of the range of doses used. It is then equal to bV/N TU, where s and N 


have the same meaning as before, while 6 is the slope in mm. per TU for the unknown 
preparation. The standard error increases with increasing deviation of the equivalent from 
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: 3 TU when the equivalent coincides 
with one of the selected doses. A shift of the equivalent dose outside the dose span causes 
a further and rapid increase in the standard error. 

Assuming a slope of b = 1 mm. per TU for the unknown preparation, 50 test subjects 
for each dose give a standard error of 0.42 TU, provided the equivalent falls in the middle 
of the dose span, but 0.60 TU if it coincides with one of the selected doses. One hundred 
persons give corresponding standard errors of 0.30 TU and 0.43 TU and 200 persons 
give 0.21 TU and 0.30 TU. If the test doses are approximately 10 TU, a change of 1 TU 
will mean 10 per cent change in strength of d‘lution, so that the standard errors given 
above in tuberculin units correspond to errors of 2.1 to 6.0 per cent in strength of dilu- 
tion. Thus, 100 subjects may be considered as an appropriate number for each dose, re- 
quiring at least 3 TU difference between the doses and estimating the unknown equivalent 
with a standard error of 3.0 to 4.3 per cent (differing according to its location in the dose 
span). 


the center of the dose span and reaches the value 


Once the dose of the unknown tuberculin which gives the same mean response 
as the fixed standard dose has been determined with sufficient accuracy, prob- 
lems of qualitative differences need further consideration before the doses can 
be declared equivalent. The first question is whether the doses give identical 
results on each level of sensitivity. A second question is whether multiples or 
fractions of the two doses are equivalent. Finally, it may be asked how well two 
presumably equivalent doses agree in individual cases, i.e., in giving consistent 
results in each particular person. A study of these problems requires additional 
series of duplicate tests, each series performed with two doses expected to be 
equivalent according to the first comparison. Within each series, the two means, 
the variances, and the correlation diagram will provide information concerning 
the equivalence of the two doses used. 

The comparison of PPD-S and RT showed that 10 TU or 0.0002 mg. of the 
two substances gave approximately the same mean response and also could be 
regarded as identical for separate levels of sensitivity in groups of BCG-vac- 
cinated school children. The slope of the dose-response curve for the two tuber- 
culins was also approximately the same, each unit giving approximately 0.8 
mm. increase in size of induration. 

Small, but statistically significant, differences were, however, revealed by 
direct comparison of 100 TU or 0.002 mg. of the two preparations in a mixed 
group of BCG-vaccinated and non-vaccinated children, all of whom were non- 
reactors to 10 TU of RT. PPD-S gave slightly stronger reactions in the children 
with a very low degree of sensitivity, the non-vaccinated group. Conversely, 
100 TU of the RT proved to be a little more potent in those with a slightly higher 
level of sensitivity, the BCG-vaccinated children. 

The statistically significant but rather small difference between these two 
preparations is of little practical importance in their everyday use. The finding 
is pertinent in other respects, however, as it shows that the two purified sub- 
stances are not identical, nor can they be regarded simply as having slightly 
different concentrations of an identical principle. PPD-S must contain a higher 
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proportion of some factor which produces a response in children who have a 
very low degree of sensitivity. RT, on the other hand, must contain more of the 
factor responsible for reactions in children with a higher level of sensitivity. 

Moreover, this finding is useful as an illustrative analogy to results from 
other investigations concerning the sources of tuberculin sensitivity in various 
populations. In the present report, the existence of two groups, suggested by the 
responses to the two tuberculins, was found to correspond to a division of the 
children according to the sensitizing antigen (BCG). Even in the absence of 
knowledge of the source of sensitivity, however, an asymmetrical correlation of 
responses to two preparations may suggest that the population under test has 
been sensitized by different antigens. Qualitatively different preparations may 
thus provide the tools with which to study the nature and specificity of tubercu- 
lin sensitivity. 

SUMMARY 


A method is described for standardization of tuberculin preparations with 
respect to their properties of producing skin reactions in humans. The principal 
steps in the method are: 

1. An appropriate dose of the standard preparation is chosen, prefer- 
ably within the range commonly used for practical work. 

2. Various doses of the unknown preparation are compared with the 
standard by duplicate Mantoux tests. 

3. The dose of the unknown giving the same mean response as the stand- 
ard is determined and is tentatively called the equivalent dose. 

4. Pairs of doses expected to be equivalent are selected from various 
parts of the dosage scale and compared directly by duplicate tests. The 
correlated results for each pair provide data for study of qualitative differ- 
ences between the products. 

5. Doses from two preparations can be considered equivalent only if 
they produce (a) the same mean response, (b) a symmetrical distribution 
around the diagonal of equal reactions, and (c) a dispersion from this 
diagonal not greater than that obtained from two equal doses of one prepa- 
ration. 

6. If multiples of a pair of equivalent doses always prove to be equiva- 
lent, then the two preparations may be considered qualitatively equal. 
The constant ratio between equivalent doses is then called the ratio of 
potency between the preparations. 

A comparison was made of two purified tuberculins, PPD-S from the United 
States and RT XIX-XX-XXI from Denmark. Doses of 0.0002 mg. of each 
were found to be equivalent when given to BCG-vaccinated school children. 

Ten times this dose (0.002 mg.) from both preparations produced equal mean 
responses in a mixed group of vaccinated and non-vaccinated children who 
were non-reactors to the lower dose of RT. PPD-S was more potent than RT in 
the non-vaccinated children, however; whereas the reverse result was found in 
the vaccinated group. A slight qualitative difference was therefore demonstrated 
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between the preparations, corresponding to the source of sensitivity (BCG) 
among the children. 

In human populations sensitized from unknown sources, qualitatively different 
preparations may be used to disclose the existence of different sensitizing agents. 


SUMARIO 


Método para la Uniformizacién de las Preparaciones de Tuberculina Mediante 
Intracutirreacciones en Seres Humanos. Comparacién de Dos Tuberculinas 
Purificadas 

El método descrito permite uniformizar las preparaciones de tuberculina a base de sus 
propiedades de producir cutirreacciones en el hombre. Los principales tiempos de la téc- 
nica son: 

1. Se escoge una dosis apropiada de la preparacién tipo, preferiblemente dentro 
de los limites utilizados habitualmente en la practica. 

2. Compdranse varias dosis de la preparacién desconocida con el tipo, em- 
pleando para ello reacciones de Mantoux en duplicado. 

3. Determinase la dosis de la preparacién comprobada que evoque la misma res- 
puesta media que la tipo, designdndosela tentativamente como dosis equivalente. 

4. Témanse de varias partes de la escala de dosis pares de dosis que se consi- 
deren equivalentes y se comparan directamente por medio de pruebas en dupli- 
cado. Los resultados correlacionados para cada par aportan datos para estudio 
de las diferencias cualitativas entre los distintos productos. 

5. Sélo se considerarfn equivalentes dosis de dos preparaciones, si producen: 

(a) la misma respuesta media, (6) distribucién simétrica alrededor de la diagonal 
de reacciones iguales, y (c) una dispersién de dicha diagonal no mayor que la ob- 
tenida con dos dosis iguales de una sola preparacién. 

6. Si los miltiplos de un par de dosis equivalentes resultan siempre equiva- 
lentes, puede considerarse entonces a las dos dosis como cualitativamente iguales. 

La razén constante entre dosis equivalentes es entonces denominada la razén de 
potencia entre las preparaciones. 

Ofrécese una comparacién entre dos tuberculinas purificadas: DPP-S de los Estados 
Unidos y RT XIX-XX-XXI de Dinamarca. Dosis de 0.0002 mg. de cada una resultaron ser 
equivalentes al ser administradas a escolares vacunados con BCG. 

El décuplo de dicha dosis (0.002 mg.) de ambas preparaciones produjo iguales respuestas 
medias en un grupo mixto de nifios vacunados y sin vacunar que no habian reaccionado a 
la dosis menor de RT. Sin embargo, DPP-S se mostré mds potente que RT en los nifios no 
vacunados, sucediendo lo contrario en los vacunados. Habia, pues, una leve diferencia 
cualitativa entre las dos preparaciones, correspondiendo a la causa (BCG) de la sensibili- 
dad en los nifios. 

En las poblaciones humanas sensibilizadas por factores desconocidos, pueden usarse 
preparaciones cualitativamente distintas para descubrir la existencia de distintos agentes 
sensibilizantes. 


Une méthode pour la standardisation des préparations de tuberculine basée 
sur les réactions intradermiques chez l'homme. Etude comparative de 

deux tuberculines purifiées 

Description d’une méthode pour la normalisation des préparations de tuberculine selon 

leur capacité de production de réactions cutanées chez l’homme. Les principales étapes 

de la méthode sont: 
1. Une dose adéquate de la préparation standard est choisie, de préférence 

elle sera dans les limites des doses classiques utilisées. 
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2. Différentes doses de préparations inconnues sont comparées au standard a 
l'aide d’un double test de Mantoux. 

3. La dose de préparation inconnue donnant une réaction moyenne semblable 
au standard est déterminée, celle-ci est dénommée, a titre provisoire, dose équi- 
valente. 

4. Des paires de doses considérées équivalentes sont choisies parmi diverses 
fractions de |’échelle des doses, elles sont comparées directement par des tests 
doubles. Les résultats correspondants pour chaque paire constituent les données 
utilisées pour l'étude des différences qualitatives entre les produits. 

5. Les doses provenant de deux préparations ne peuvent étre considérées com- 
me équivalentes que si elles déterminent (a) une méme réaction moyenne (b) une 
répartition symétrique autour de la diagonale des réactions égales et (c) une dis- 
persion a partir de cette diagonale ne dépassant pas celle obtenue avec deux doses 
égales d’une préparation. 

6. Si des multiples d’une paire de doses équivalentes se montrent toujours 
équivalents, les deux préparations peuvent alors étre considérées qualitative- 
ment égales. Le rapport constant entre les doses équivalentes est alors désigné 
comme le rapport d’activité entre les préparations. 

Il a été procédé A une étude comparative de deux tuberculines purifiées, PPD-S des 
Etats-Unis et RT XIX-XX-XXI du Danemark. Des doses de 0,0002 mg. de chacune des 
tuberculines administrées A des enfants d’Age scolaire, vaccinés par le BCG, ont été trouvées 
équivalentes. 

Une dose dix fois plus grande que cette dose (0,002 mg.) de l’une et |’autre de ces pré- 
parations a produit des réactions moyennes égales dans un groupe mixte composé d’enfants 
vaccinés et non vaccinés, qui étaient anergiques 4 la dose plus faible de RT. Cependant, 
dans le groupe d’enfants non-vaccinés, PPD-S était plus actif que RT, alors que le con- 
traire se produisait dans le groupe vacciné. Une légére différence entre les préparations, 
correspondant a la source de la sensibilité (BCG) chez les enfants, était ainsi démontrée. 

Dans les groupes humains dont |’agent sensibilisant est inconnu, des préparations 
qualitativement différentes peuvent étre utilisées pour mettre en évidence |’existence 
d’agents sensibilisants différents. 
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M. TUBERCULOSIS AND ITS ABILITY TO SENSITIZE CELLS'? 


FLORENCE B. SEIBERT anp ANGELINA M. FABRIZIO# 
(Received for publication March 18, 1952) 


INTRODUCTION 


Numerous attempts have been made to isolate a biologically active protein 
fraction from the bodies of Mycobacterium tuberculosis, mainly with the objective 
of improving the yield and simplicity of obtaining such a product for skin testing, 
for serologic tests, or for an immunizing agent in tuberculosis. 

During the last fifteen to twenty years there have been a number of studies on 
this subject. Heidelberger and Menzel (1) used either frozen and vacuum-dried 
organisms or cells killed by immersion in acetate buffer. After extracting these 
with acetone, they obtained at least three different antigenic protein fractions 
by successive extraction with solutions of increasing alkalinity. Grénwall (2) ex- 
tracted with 0.05 N sodium hydroxide from bacilli (BCG), killed by freeze-drying, 
and grinding in a ball-mill at —60° to —70°C., a small molecular weight protein 
with a potency of about the same order as that of standard PPD. Heckly and 
Watson (3) worked with live bacillary cells ruptured by freezing rapidly at 
—70°C. in the presence of ether and obtained extracts with phosphate or borate 
buffers. After removing from these extracts most of the nucleic acid by adsorption 
to calcium phosphate, they obtained fractions which differed in their relative 
potencies but which had the same electrophoretic mobility. From this they con- 
cluded they were still dealing with a mixture of proteins. 

Stacey, Kent, and Nassau (4) extracted moist steam-killed bacilli with solid 
urea and obtained a polysaccharide complex containing mainly a single electro- 
phoretic component which showed serologic specificity with human tuberculous 
antisera. Iland, Jones, Baldwin, and Gilbert (5) carried these studies further and 
extracted living bacilli with urea, isolating a fraction which was mainly protein, 
95 per cent homogeneous in electrophoresis, and able to givea positive tuberculin 
skin reaction and a positive complement fixation test with sera from tuberculous 
patients. This process of extraction has the advantage over previous methods 
of being extremely simple and yet giving large yields of the protein. 

During the fractionation studies on tuberculin reported previously from this 
laboratory (6), quantities of bacilli of the H37Rv and H37Ra strains were avail- 
able. An attempt was made, therefore, to isolate from these bacillary bodies, by 
the urea extraction process, a protein fraction which could be compared with 
those obtained from the filtrates. The results on the yields and chemical properties 
of this fraction and also its biologic potencies are presented. Studies of the bio- 
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logic potency of the material include its immunizing capacity, its serologic speci- 
ficity, and its ability to elicit the allergic and Arthus reactions, as can be demon- 
strated by the skin reaction and also by the direct effect of the fractions on the 
cells in tissue cultures. Many of the findings are confirmatory of the results ob- 
tained by the English investigators. Comparisons of the data in the present study 
with the corresponding properties of the filtrate fractions from the previous study 
(6) will relate the two investigations. 

The biologic studies show that a specific cellular sensitization can be induced 
by repeated injection of this fraction, as well as of some tuberculin fractions, into 
normal animals and, therefore, that such sensitization is not exclusively depend- 
ent upon a state of tuberculous infection, as has been maintained by other 
investigators. 


MATERIALS AND METHODS 


Preparation of fractions used: The two cultures‘ of tubercle bacillus, H37Rv and H37Ra, 
were grown on Long’s synthetic culture medium for eight weeks, after which they were 
filtered without killing the cells. In each case some of the moist bacilli were mixed with 
twice their weight of solid urea, as recommended by Stacey, Kent, and Nassau (4), and 
placed in the incubator at 37°C. for seventy-two hours with frequent stirring. At the end of 
this period one volume of water was added, and the mixture was then stirred and filtered 
first through paper and then through a Seitz filter. The solution had a greenish color. It 
was dialyzed for twenty-four hours against distilled water and then concentrated by ultra- 
filtration and again dialyzed to free it of urea, and refiltered through the Seitz filter. The 
fraction made from the H37Rv strain was called 101 B and that from the H37Ra, 102 B, and 
they will be referred to by these numbers hereafter. 

The preparation of the A, B, and C fractions from the tuberculin filtrate was described 
previously (7) and, therefore, only a brief description of them will be given here. The C 
fraction was precipitated at pH 4.0 with acetic acid while the A and B remained soluble. The 
A fraction had a lower mobility in electrophoresis, while the B and C were faster and had a 
mobility similar to that of the /0/ B fraction. 

PPD-S was a preparation made from heated culture filtrate and used as a standard for 
tuberculin testing (8). 

Electrophoretic analyses: Electrophoretic analyses were made in the Tiselius electro- 
phoresis apparatus, using phosphate buffer pH 7.6 » = 0.1 for 102 minutes. 

Chemical analyses: Nucleic acid was determined by the Dische diphenylamine reaction, 
as previously adapted for quantitative analysis (9); and carbohydrate, by the anthrone 
method (10), using glucose as a standard. Nitrogen was determined by the micro-Kjeldahl 
method. Measurements in the ultraviolet region were made in the Beckman spectrophoto- 
meter. Amino acid analyses were made by means of the Moore and Stein technique (11) of 
chromatography on starch columns. 


BroLocic TECHNIQUES 


Skin reactions: Skin reactions were induced by intradermal injections of 0.1 ml. amounts, 
containing 5y of protein, into tuberculous guinea pigs selected for their high degree of 
sensitivity to tuberculoprotein. The reactions were measured in two diameters at right 
angles to each other, and only the averages of these two readings were recorded. The second 
value in the recorded reactions represents the estimated height. Twenty-four-hour read- 
ings are listed above the forty-eight-hour readings in each case. No reactions were given 


* Supplied by Mr. W. Steenken, Jr., of the Trudeau Laboratory, Trudeau, New York. 
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with any of the fractions in normal guinea pigs. Simultaneous tests were made on each 
guinea pig with 5y doses of several different fractions. 

Pyrogenic reactions: Pyrogenic reactions were determined by giving intravenously to 
normal rabbits 5 mg. amounts of the respective proteins and following their rectal tempera- 
tures at frequent intervals thereafter (12). 

Precipitin reactions: For the precipitin reactions, 0.1 ml. amounts of the serially diluted 
antigens were carefully layered over 0.1 ml. volumes of the different anti-sera. The rings of 
specific precipitate were recorded after two hours’ incubation at 37°C., and after this the 
tubes were shaken and placed in the refrigerator overnight. In the morning the amount of 
precipitate formed was noted on a scale of 1 to 4 plus, and the last tube showing a definite 
precipitate was considered to be the titer. 

Sensitization: Sensitization of the animals for the study of their cells in tissue culture 
was done as follows: 

Three groups of guinea pigs were given weekly intradermal injections for twenty 
weeks of one of the following protein fractions; the 101 B fraction, the A plus B 
protein fraction (90 I B), or C protein fraction (94 I). Ten milligram doses were 
given in all cases except with the 101 B fraction. In this latter case, the first in- 
jection of 10 mg. gave a definite reaction and, therefore, the dosage was reduced 
to 5 mg. for 15 more injections and then to 2.5 mg. for the 6 last injections. More 
severe reactions followed these small doses of 101 B than were caused by the 10 
mg. doses of the A plus B or C protein fractions. Of the two latter, the C protein al- 
ways gave the least reactions, which confirms the results in rabbits reported pre- 
viously (13). 

Tissue cultures were prepared as follows: 

At intervals during the series of injections peritoneal exudates, mainly of poly- 
morphonuclear cells, were induced in guinea pigs by intraperitoneal injections of a 
balanced salt solution. The fluid was removed after twenty-four hours by gravity 
as described previously (14). The exudates were centrifuged after the addition of 
the test solution, and plaques were made of the sedimented cells by the addition 
of homologous plasma. The plaques were then cut into pieces, washed in salt 
solution, and placed in plasma containing one of the protein fractions dissolved 
in balanced salt solution to form hanging drop tissue cultures (3 or 4 pieces to a 
culture) as described previously. The control cultures received balanced salt solu- 
tion without the test product. After eighteen to twenty hours’ incubation at 37°C., 
the tissue cultures were evaluated for the extent of migration, granulation, ag- 
glutination, vacuolization, and disintegration of the cells. The average extents 
of these various effects on 6 to 9 pieces of tissue in each case were graded from 0 
to 8 and recorded under these headings in tables 7 and 8. 

When sensitized or tuberculous cells were used, the cells of a normal guinea pig were 
usually run in parallel as a control of the effect of the product studied on normal cells. The 
effect produced by a test solution must be considered in comparison with the appearance of 
the cells from the same animal when these are cultured in the absence of the test substance, 
since the sensitivity of cells from different animals subjected to the same treatment varies 
considerably. A reaction is considered to be specific only to the extent that it surpasses that 
given by the test solution on normal cells. 


RESULTS 
YIELDS 


The yields of the urea-extracted fractions obtained are shown in table 1. The 
solutions were kept frozen at —6°C. in order to prevent the growth of contami- 
nating organisms, as has been the usual custom with all other tuberculin protein 
fractions. However, on thawing, the 102 B gelled and became permanently in- 
soluble, preventing complete analyses on this fraction. 
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CHEMICAL AND PHYSICAL PROPERTIES 


The electrophoretic patterns (figure 1) showed that 85 or 80 per cent of the 
total 101 B (H37Rv) or 102 B (H37Ra) fractions, respectively, consisted of one 
component which appeared to be nearly homogeneous and with a mobility of 


TABLE 1 
Yre_p or Prorein rrom Tuserc ie Strains H37 H37Ra 


| | 


| GRAMS OF PROTEIN 
STRAIN OF TUBERCLE 
FILTRATE PER LITER 


0.39 
0.36 


COMPARISON OF H37Rv AND H37Ra 
UNHEATED BACILLARY EXTRACTS. 


MOBILIT Y 16.2 
%AREA 


MOBILIT Y 160 9.1 5.8 14 
%AREA 8 2 80 10 


ASCENDING DESCENDING 
Fic. 1. Electrophoretic diagrams of unheated bacillary extracts 


—6.0 or —5.8 cm. volt~'sec~'. There were very small amounts of components 
with higher mobilities (—9.1 and 14.0 to —16.2), which were probably nucleo- 
protein or free nucleic acid. 

The 101 B fraction was found to have a nitrogen content of 12.2 per cent on 
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the dry weight, equivalent to a content of 73.3 per cent protein by calculation. 
The amino acids found in the 107 B fraction are shown in table 2. Analysis showed 
2.9 per cent nucleic acid and 24.8 per cent carbohydrate. Measurement of the 
ultraviolet absorption gave a ratio (7) of the densities ato = 1.25. This 
corresponded closely to the ratio found for a protein, designated C, isolated from 


TABLE 2 

CuemicaL ANALYSES OF 101 B AND THE FILTRATE Proteins A anp C 
| H37Rv (101 B) |— 


| | 


FILTRATE PROTEINS 


c A 


Per cent of solids as nitrogen.... tialatacds 2 

Per cent of solids as protein. . 3 

Per cent of solids as nucleic acid ons eee 2. 

Per cent of solids as carbohydrate. . a —— 24 

Per cent of total as phenolic groups: 


Nitrogen as per cent of total protein nitrogen as: | ° ° 
Leucine + isoleucine.......................... 
Phenylalanine....... 

Valine 
Methionine + tyrosine........... 
Proline...... 

Glutamic acid + alanine...... 

Threonine 

Aspartic acid 

Serine. . 

Glycine 


* For these analyses see ‘“Tuberculin Proteins”’ by F. B. Seibert, Transactions of the 
Faraday Society, August, 1952. 
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the filtrate and is in contrast to a ratio of approximately 2.3 found for another 
filtrate protein, designated as A, and characteristic for this type of protein. 


BIOLOGIC PROPERTIES 


Skin reactions: The results show (table 3) that the potency of the urea-extracted 
fraction, as measured by the skin reactions on tuberculous guinea pigs, is some- 
what less per milligram of nitrogen than that of the total protein fraction of the 
tuberculin filtrates, but possibly slightly greater than that of PPD-S. 


4.1 
25.9 
1.1 
| 60.8 
2.3 
| 7.6 
| 4.6 
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Arthus sensitization: For the development of sensitization and its exhibition by 
means of the intradermal test, guinea pigs were injected intracutaneously ap- 


TABLE 3 
CoMPARATIVE SKIN Reactions or 101 B, 102 B, PPD-S, Fivrrare Fractions IN 
TuBeRcULOUS ANIMALS 


AVERAGE SKIN REACTION DIMENSIONS IN MILLIMETERS WITH Sy DOSES OF PROTEIN® IN 


NUMBER OF GUINEA PIGS 
Urea Extracted Protein Total Filtrate Protein PPD-S 


20 X 2.5 2: 3. 19 3 
19 xX 2.9 : 3. 15 XxX 


19 : : 19 2 
5 9 x 


PPD 


19 
xX: 


* These doses were based on the protein calculated from the nitrogen contents 


TABLE 4 
Pyrocentic Errecr or FRACTIONS 


PRODUCTS DEGREES CENTIGRADE RISE IN TEMPERATURE 
Polvsaccharide I 


Polysaccharide II 
Protein A 


Protein B 
TLD 


Protein C 0.6", 0.95 
1.85°, 


0.6°, 1.2°, 0.7°, 1.4 


Distilled water 


Buffer number 2 


proximately once a week. It was pointed out previously (13) that the A type of 
tuberculin protein elicited a much more severe Arthus reaction in rabbits than 
did the C type of protein. In this study also, the same relationship was true in 


2.5 
6 5 
] 0 
02 B 102 | 
19 2.5 21 2.5 2.5 
S5 1.0 
06 A 0.5° 
100 0 
loo ly 
loo 0.45° 
2.0 
0.3 
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guinea pigs. For example, only four injections of 10 mg. of an A plus B protein 
were required to produce a necrotic reaction, whereas ten injections of a C-type 
protein were necessary and, even with this, only large diffuse edematous reac- 
tions appeared. The urea-extracted protein (/0/ B) gave the most severe reac- 
tions, much more localized and with deep necrotic centers. On the second injee- 
thon, severe reactions appeared and, even on the first injection, a definite reaction 
occurred, In the ease of the series of guinea pigs being sensitized for the tissue 
culture studies, it was found necessary to reduce the dosage of the 101 B to 5 
ing. per injection after the first injection and even to 2.5 mg. after fourteen 

Puyroq nie reactions: No tever followed the Injection of three different tuberculin 
protein fractions of the A type, as shown in table 4. The B- and C-type tuberculin 


TABLE. 5 


Tirers Dirrerenr ANTIGENS 


\ ( 
2 OO 250 os 100 000) 
( 250000 250 000) os SO 000) Os 
10000) 000) LOO O00 
1 SOO os SO Ow 
BOG SOO 100 250 000) Os 
= heavy precipitate 
(w weak precipitate 


proteitis and also the urea-extracted protem (/0/ B) were all followed by tebrile 
reactions. All of these three latter fractions had similar mobilities in electro 
phoresis which were higher than those found for the A type of proteins. [tis 
highly probable that the Band C proteins are true pyrogens, since they were 
isolated from the same solutions in which non-pyrogenic polysaccharides and 
\ proteins were also present. Most of the polysaccharide fractions tested gave 
no fever, but the less pure one (Lot 85) did. As was pointed out (15), however, 
since strietly rigid technique for the preparation of non-pyrogens was not em- 
ploved during the entire growth of the organisms and the tsolation procedures, 
a definite conclusion on pyrogenicity cannot be made. 

Preeipitin reactions: The specificity of the antigens was determined by means of 
the preeipitin reaction. Table 5 shows that definite specificity was noted for the 
\ and © proteins, and that the /07 B protein crossed better with the C protein 
than it did with the A protein. This corresponds with the fact that chemically 
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the 01 Band C resembled each other. The BCG antisera gave the highest titers 
with the A antigen, as was true in a former experiment (16). 


Immunity 


In view of the fact that no immunity was demonstrated (13) in rabbits sen- 
sitized either with the A or the C tuberculin proteins from the filtrate, it was of 
interest to determine whether this fraction (107 B), whieh was extracted from 


TABLE 6 
Days or Lonaeviry [NocuLation AND Decree or TUBERCULOSIS IN GUINEA 
Pros Previousty Sexsitizep wrern Noruine, BCG, axp wr 


BUG 


Degree of Degree ot 
Tuberculosis Tuberculosis 


Average 2 


the bacillary bodies, might be a better immunizing agent. The following experi 
ment was, therefore, undertaken, 

Twelve guinea pigs were used in each group. Group A had no previous treatment; Group 
B had been sensitized by weekly intradermal injections of 2.5 mg of 101 By and Group 
had been sensitized by 4 intradermal injections (2.5, 1.0, 0.5, and 0.25 mg.) of BCG during 
ten weeks prior to inoculation. All guinea pigs were then inoculated subeutancously in the 
yroin with 0.00033 mg. of moist bacilli (strain H37Ry 


From the results given in table 6, it is obvious that a definite immunity was 
effected in the group vaccinated with BCG, On the other hand, no increase in 


longevity, in comparison with the controls, was found in the group sensitized 


with the (01 B fraction, and, with one exception, those that died all showed 
evidence of gross tuberculosis. It is safe, therefore, to conclude that the 01 B 


fraction does not induce immunity. 


Tissue Cultures 


kK ffect of lol B on tuberculous cells: Vable 7 and figure 2 (left) show that the 
iol B fraction caused a marked inhibition to migration of the leukocytes from 


12 0 0 rT 
17s 0 ++4 
105 17S 0 157 
oT 4 5324 0 
274 5824 
357 + + $21 ++ 
5324 $22 
193 ++4 
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rABLE 7 
Reactions or Leukocytes To 101 B FRactTION 
EXTENT OF REACTION ON LEUCKOCYTES PROM GUINES PIGS 
101 Norma Tuberculou Sensitized 
IN TEST 
SOLUTE = dis 
Migra. (ranu Ngelu Migra- Granu Agelu- Yacuo Migra- Granu Agglu- Vacu Disin 
tina tina tina oliza tegra 
thor tion lation lization then lation 
tion tion tion 


tion 


0 3 2-3 7s 2-3 
0.1 3 4-4 3 
0.2 1-5 4 3 3 
3 2 2-3 1-5 
0.2 1-2 3 5 ! 
3 3-4 3 3-4 
“0.2 ml 34 1 
BCG 
0 7 3 3 
O17 +5 3 34 
0.2 3 3 
| 0 7-s 3 2 7s 3 
0.2 7 3 3 3 1 
0 6 3 3 5} 3 2 
3-4 3 2 3 15 
0 3 34 
4 4-4 
7s 3 
0 
7 3 5 
ow 3 5 
| 0 3-4 3 3 
oO 3 5 3 ol 
0.2 2-3 3 4 
3 
5 3 34 01 
5-6 3 3-4 0-1 
3-4 7s 3 3 
0.2 3 0-1 
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Fia. 2 on normal, tuberculous, and sensitized guinea pig 
leukocytes in living tissue ¢ 

Top — Normal cells plus balanced salt solution: deft) low power, (right) high power 
Tuberculous cells: Aeft) low and high power of tuberculous 

ion: (right) low lous cells plus /07 B, showing inhil 

cells; (single picture) oil immersion picture ped tuberculous cells plus B 
Right lower group of five pictures Sensitized cells: (left 

my (righ 


cells; 


low and high power of sensitized cells plus b: 
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TABLE 


Reactions or Leukocytes To A Pies B Prorein To C Provrein 


LEU KOO VTES FROM GUINEA PIGs 


Sensitized 


Aggluti Vacuoli 
lation nation zation 


\ plus B 


protein 


325 
EXTENT OF REACTION ON es 
MG. IN TEST Norma 
ath ation 
0 1-5 3 2 3 2 
ol } 3 3 3 3 3-4 
0 3 2 
3 3 
7 3 3 
7-8 3 3 
7-S 3 
7-8 3 3 
3 4 
3 3 
0.1 2-3 3 1-5 
7s 3 3 7-s 3 3 
7-S 3 3-4 16 3 
3 3 l 2 3 5 
3 3 3 3 
3 3 3 1-5 
0.2 3 1 3 15 
protem 
0.2 ; 3 3 1 3 2 
= 7 3 3 3 2 
O17 6-7 3 3-4 2-3 3 
0.2 5 3 4 2 3 
0 7-8 3 3 7S 3 3 
OW 7S 3 3 67 3 5 
0.2 7-8 3 3 3 
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TABLE S—Coentinued 


PNTENT OF TE LEC VTES PROM GUINEA PIGs 
sensitized 
(ranu Ngglut Vacuol Mierat (sranu Agglut Vacue 
: at ation zation ee lation zation 
protein 
(Cont 
7 3 
0.2 3 
“ov 
OW 7 3 3 
ov 15 5 1-5 
7 3 3 6-7 3 3 
ry 3 3 67 3 344 
| ry 3 6-7 3 34 


tuberculous guinea pigs in tissue cultures; also, a definite clumping and even 
vacuolization of the cells in two experiments. The cells from a guinea pig senst- 
tized with BCG in one experiment were also inhibited in migration by the /07 B, 
possibly te a less extent than those from the tuberculous animals. In this case, 
there was also a tendeney toward alignment of the cells, as had been noted pre 
viously (14) in connection with the action of A protein on tuberculous cells in 
tissue cultures 

In some instances a certam degree ot clumping of normal cells and even a 
slight inhibition to migration alse occurred, but only with the higher concentra 
tion of 207 B, showing that the differential between specific and nonspecitic 
reactions Was relatively small, as pointed out previously (14). 

E fleets of 101 Boon sensitized cells: The migration of cells of uninfected animals, 
whieh had been sensitized by repeated injections of the 07 B traction, was also 
inhibited when they were placed in contact with this fraction, as shown in table 
7 and figure 2 (right) and figure 3. The degree of inhibition was possibly some 
what less extensive than that of the tuberculous cells, but in 7 of 8 experiments 
definite clumping of the cells and frequent inereased vacuolization took place: in 
one experiment, even disintegration of the cells was observed. Therefore, there 
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on normal and sensitized guines 


mg. per ml 


Fig. 5. of tuberculin protein 


pig leukoevtes in living tissue eultures (IS to 20 hours 


Left —Sensitized cells plus balanced salt) solution 


low power above and high power 
below 
Middle Sensitized cells plus C protein: (top) low power, showing limited migration and 
area of liquefaction; (center) high power showing stretching of cells; (bottom) oil immer 
Shon power of stretched cells 
Right Normal cells plus C protein: (top) low power; (bottom high power. 
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was definite evidence that the cells were specifically sensitive to the /0/ B trac- 
tion in the same manner as tuberculous cells. In addition to this, however, these 
cells displayed a further reaction not conspicuous among the tuberculous cells; 
namely, a marked elongation and twisting of the polymorphonuclears, as shown 
in figures 2 and 3, especially at the periphery of the cultures. A careful study ot 
the sensitized cells in media tree from test protein revealed a slight tendency 
toward this phenomenon in the sensitized cells themselves, but the marked effect 
noted when the sensitized cells and the specific antigen, /77 B, were mixed was 
definite evidence that the reaction was highly specific. 

The question arises: Are these specific reactions characteristic only of the 107 B 


fraction, a bacillary extract, or are the tuberculin proteins also capable of giving 
rise to specific sensitization of the cells? The following experiments were carried 


out to answer this question. 

Lffeet of the A plus B protein on sensitized cells: There was some inhibition by 
the A plus B protein to migration of the cells from guinea pigs sensitized with the 
\ plus B fraction, which must be considered specific, since, when the lower con- 
centration of antigen (O.1 mg.) was used, no or very little effect was noted on 
normal cells (table S and figure 4). A large dose, however, had considerable effect 
ou normal cells as well. [tis possible that the presence of the B protein in this 
fraction may account for its increased nonspecific toxicity, since in a previous 
study (14) it was suggested that the B protein had a relatively great primary 
tonicity. 

Less clumping or stretching of these sensitized cells was noted than with the 
for By but instead there was a tendency to flatten out, as was previously (14 
noted with tuberculous cells exposed to the A protein. 

Lffect of the © protern on sensitized cells: The inhibition to migration or injury 
of the cells from animals sensitized with the C protein when exposed to the C pro- 
tein Was only slightly more than that observed with normal cells under the in 
fluence of this protein (table 8). There was, however, considerable evidence of a 
specific stretching of the cells, as noted with the /07 B sensitized cells (figure 5). 
In addition, these cultures frequently exhibited areas of liquefaction of the fibrin 


clot. 
Discussion 


In this study it has been shown that the product obtained by urea extraction 
of the bacillary bodies of tubercle bacilli consisted mainly of one electrophoretic 
component, the mobility of which corresponded closely with that of the C protein 
of the filtrate. It further resembled this culture filtrate C protein in its ultraviolet 
absorption characteristics, shown by its density ratio of 1.25 at 2,800 A to 2,500 
\. and in the fact that it precipitated at a pH of approximately 4.0. It is highly 
significant that only one component with approximately this same mobilety 
could be isolated from the bacillary bodies by Heekly and Watson, using entirely 
different methods. 

The potency of the urea-extracted material as determined by the skin reaction 
in tuberculous animals, however, was found to be greater than that of the C pro- 
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tein fractions. It was also more highly antigenic in eliciting the Arthus reaction 
in normal animals and even was quite toxic on the initial intradermal reaction 
with a sensitizing dose (10 mg.). As with the A and C proteins, however, it was 
not capable of inducing in guinea pigs an immunity to challenge with tubercle 
bacilli. 

The effects produced by this urea-extracted protein fraction when put directly 
in contact with tuberculous cells in tissue cultures demonstrated that its potency 
for specifically inhibiting the migration of the cells and in causing them to clump 
Was similar to those (14) caused by Old Tuberculin, PPD-S, and the C-type pro- 
tein. In these respects it resembled the C- more than the A-type protein, and this 
is consistent with the fact that most of its chemical and physicochemical proper- 
ties were more like those of the C protein. 

The results of the present study demonstrate, moreover, that cells, not only 
from animals sensitized by infection with tubercle bacilli, but also those sensitized 
by repeated injections of the proteins from the bacillary bodies and from the 
filtrate will exhibit specific reactions when placed in direet contact with the 
specific antigen. The cells of animals rendered sensitive, as demonstrated by a 
strong Arthus reaction, in contrast to the results of Aronson (17), and Buckley, 
Buckley, and Gey (18), using horse serum as an antigen, were inhibited in their 
migration and were clumped by the specific antigen in the same way but only to 
a slightly less degree than were tuberculous cells. But even more interesting than 
these effects, the cells were conspicuously elongated and twisted, giving the 
impression that they were more sticky and active than normal cells. Since these 
effects appeared mainly in the sensitive cells, it is evident that they were speciti- 
cally sensitized. Whether this elongation type of cellular sensitization represents 
merely a stage in the development of sensitization or an entirely different type of 
sensitization remains to be determined. 

All of these reactions were obtained, not only with the protein fraction ex- 
tracted by urea from the bacillary bodies, but also with the C type of protein 
from the filtrate but to a less degree. This is consistent with the finding that it 
was never possible to elicit as severe an Arthus reaction with the C protein as with 
a corresponding number of injections of the bacillary urea-extracted protein. 

Sensitization with the A plus B type of protein also yielded cells whose migra- 
tion Was specifically inhibited to some extent in cultures containing this fraction, 
but the cells did not elongate and twist as did cells sensitized with the urea-ex- 
tracted fraction (/0/ B) in the presence of this homologous extracted fraction. 
Instead, they seemed to align themselves into strands similar to the behavior of 
tuberculous cells when exposed to the A: protein. 

The same type of cellular sensitization can, therefore, apparently be developed 
in animals by either bacterial infeetion or by repeated injections with certain 
proteins from tuberculin or from the bacillary bodies. The additional manifesta- 
tionof activity of thecells (stretching, et cetera) in the Arthus type of sensitization 
may account for the differences between this type and the allergic type of sensi- 
tization which have been emphasized. Moreover, the cells of animals with the 
Arthus type of sensitization would be acting im rive in the presence of large 
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amounts of circulating antibodies, whereas those from tuberculous anintals would 
be acting in the absence of such demonstrable antibodies. 

Support for the idea that, not only tuberculin proteins may be able to induce 
such cellular sensitization, but that perhaps proteins in general may have such 
potentialities comes from the recent work of Ebert and collaborators. Ebert, 
Ahern, and Bloch (19) observed in vivo in the tuberculous rabbit sticking of the 
leukocytes to vascular endothelium and such an extensive aggregation of cells 
that stasis and localized thrombosis occurred in the small venules. Recently, 
Ebert and Wissler (20) reported “sticking” of white cells to endothelial surfaces 
four to seven days after the first injection of large amounts of horse serum and 
similar but greatly intensified reactions following the second injection. 

Lucké, Strumia, Mudd, McCutcheon, and Mudd (21) showed that phago- 
cytosis of particles by polymorphonuclears and macrophages was enhanced in 
the presence of immune serum, and, therefore, in sensitized or infected animals 
the tubercle bacilli would be more readily phagocytosed. With increased activity 
and “stickiness”? of the cells, as described in the present paper, there would, 
therefore, be more widespread dissemination of the bacteria, which may or may 
not be destroyed within them, depending upon the virulence of the organism (22) 
and the resistance of the host (23). Moreover, the more virulent the organism, 
the more probable it is that the cell itself may be damaged (24). The mononu- 
clears of these allergic animals are also stimulated to increased phagocytic ac- 
tivity (25) and can, therefore, engulf large numbers of the polymorphonuclears 
containing tubercle bacilli, as shown by Vorwald (26). Then extensive tubercle 
formation and subsequent caseation follow. 

With the consequent disappearance of polymorphonuclears, due to sticking 
to the endothelial walls, clumping, and disintegration of the cells under the 
influence of the protein products of the tubercle bacilli and to phagocytosis by 
the mononuclears, these latter cells would predominate in the later stages of 
tuberculosis, as found by Sabin (27), Lurie (25), and others. Moreover, Vorwald 
(28) has shown that the persistence of polymorphonuclear leukocytes throughout 
all periods of infection was associated with lowered resistance. 

A possible explanation is, therefore, at hand of why previous sensitization to 
the proteins of the tubercle bacillus predisposes to more rapid and widespread 
infection and caseation, especially when such animals are infected with large 
doses of tubercle bacilli (29, 13). 


SUMMARY 


A protein fraction was extracted from the bodies of the tubercle bacillus by 
means of solid urea which had an electrophoretic mobility similar to that of the 
C protein isolated from tuberculin filtrates and also resembled it chemically and 


immunologically in the precipitin reaction. 

The fraction had a greater potency in eliciting the skin reaction in tuberculous 
animals than did the C and also gave rise to more severe Arthus reactions. In 
these respects it more closely resembled the A type of tuberculin protein. Like the 
C protein it was pyrogenic to the normal rabbit, but had no immunizing power. 
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SEIBERT AND PABRIZIO 


The urea-extracted fraction eaused specific inhibition to the migration and also 
clumping and disintegration of polymorphonuclear cells from tuberculous guinea 
pigs in tissue cultures, similar to that reported previously for the C protein. 

Polymorphonuclear leukocytes of animals uninfected but sensitized by repeated 
injection of this urea-extracted protein were specifically sensitized, since they 
reacted to it, not only by being inhibited in migration and in clumping, but also 
were much elongated and twisted and appeared to be sticky. Similar but less 
intense reactions were elicited by the C protein in animals uninfeeted but sensi- 
tized with this protein. 


SUMARIO 


kl Aislamiento y la Quimica de una Fraccion Proteinica del Bacilo Tuberculose y Capactdad 
de la Misma pra Sensibilizar las Células 


De los cuerpos de bacilos tuberculosos extrdjose, por medio de urea solida, una fraceion 
proteinica dotada de una movilidad electroforética semejante a la de la proteina C aislada 
de filtrados tubereulinicos y parecida también, quimica e inmunolégicamente a la misma 
en su precipitinorreaceron 

Dicha fraccién mostré mayor potencia que la C en la evocacion de cutirreacciones 
igualmente produjo reacciones de Arthur mds intensas. En esos sentidos, se asemejo mis 
a la forma A de proteina tubereuliniea. Lo mismo que la proteina C, resulto pirogena para 
el conejo normal, pero no poseia facultad inmunizante 

Ocasioné inhibicién especifiea de la migracién y ademas de la agrumacion v la desinte 
grocon de las células polimorfonucleares de cobavos tuberculosos, en los cultivos de te 
jidos, en forma semejante a la va deserita para la proteina C 

Ademds, los leucocitos polimorfonucleares de animales indemnes pero sensibilizvdos 
por inveecrones repetidas de dicha proteina extraida con urea, quedaron sensibilizados 
especificamente, pues reacecionaron 4 la misma, no sélo en la inhibiein de su migracion \ 


sgrumacion, sino también por quedar muy alargados vy retorcidos vy parecer pegajosos 


RESUME 


lsolement et caractére himigq de la fraction protéique du bacille tuberculens et son pourer 


de sensthbilisation sur les cellules 


Une fraction protéique a été extraite du corps du bacille tubereuleux A Vaide d’urée a 
état solide, dont Ia mobilité électrophorétique était semblable A celle de la protéine ¢ 
isolée de filtrats de tuberculine, et A laquelle elle ressemblait du point de vue chimique et 
immunologique dans la réaetion de la précipitine 

L’activité de cette fraction pour provoquer la réaction cutanée était: plus élevée que 
celle de la protéine C; les réactions d’Arthus provoquées étaient également plus sévéres 
A cet égard, elle ressemblait plus étroitement au type A de la protéine tuberculeuse. D+ 
méme que la protéine C, elle se montrait pyrogéne pour le lapin normal, mais elle @tact 
dépourvue du pouvoir immunisant 

Cette fraction protéique déterminait dans les cultures cellulaires Vinhibition spéertique 
de la migration ainsi que agglutination et la désintégration des cellules polymorpho 
nucléaires des cobaves tuberculeux, comme celA a été précédemment rapporté pour la 
protéme © 

De plus, les leucoeytes polymorphonueléaires d'animaux non infeetés, mais sensibilisés 
par injection répétée de cette protéine extraite par Vurée, étaient spécifiquement sensi 
bilisés, étant donné qu’ils v réagissment, non seulement par Vinhibition de leur mi 
vration et de leur agglutination, mais encore ils étaient beaucoup plus allongés et tordus 


et paraissaient gluants 
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STUDIES OF A PURIFIED TUBERCULIN FRACTION IN TESTING 
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(Received for publication March 19, 1952) 


INTRODUCTION 


The appearance of tuberculin sensitivity in BCG-vaccinated subjects is the 
sole clinical sign accepted as a means for judging a successful vaccination. 
If tuberculin sensitivity fails to occur within eight to twelve weeks after vaccina- 
tion, it is recommended that revaccination should take place until a positive 
tuberculin reaction is elicited. Approximately 95 per cent of parenterally vac- 
cinated subjects react to 0.1 to 1.0 “mg.” of Old Tuberculin with 6 by 6 mm. or 
more of induration from forty-eight to seventy-two hours after the intradermal 
inoculation when tested two to three months after vaccination. It is essential, 
therefore, that any other antigen used for tuberculin testing of BCG-vaccinated 
subjects should elicit the same specific sensitivity as Old Tuberculin. It is well 
known that the degree of tuberculin sensitivity produced by a successful BCG 
vaccination is, at least within approximately three months after vaccination, 
considerably less than it is after a spontaneous infection with virulent tubercle 
bacilli, and that only the lower dilutions of Old Tuberculin will elicit the required 
minimum of 6 by 6 mm. or more of induration in vaccinated subjects. It is still 
debatable whether the disparity in degree of tuberculin sensitivity in BCG- 
vaccinated subjects and in spontaneously infected persons is referable to the 
avirulence or virulence of the infecting organisms or to the intradermal mode of 
inoculation in BCG-vaccinated subjects and the mainly intrapulmonary route of 
infection in spontaneously infected persons. The fact remains that a marked 
difference in allergy exists in persons inoculated with BCG or infected with 
virulent tubercle bacilli. 

In tuberculosis diagnostic and epidemiologic work, two types of tuberculin 
are in universal use, namely, Old Tuberculin (OT) and purified protein deriva- 
tive (PPD). The latter consists of the mixed proteins of the heated culture 
filtrates, essentially free of inactive substances such as nucleic acid and poly- 
saccharide (1). The dried material remains fairly constant in tuberculin potency 
under protracted storage conditions, while in diluted form it deteriorates rapidly. 
On the basis of several thousand tests in human subjects, a first-strength dose of 
0.00002 mg. PPD detected almost all highly sensitive cases, without danger of 
excessively severe reactions; and the second-strength dose of 0.005 mg. PPD 
detected the remainder of positive cases, that is, persons whose tuberculin 
sensitivity responds to the conventional standard doses of 0.01 to 1.0 “mg.” 
of OT (2). 

! From the Division of Laboratories and Research, New York State Department of 
Health, Albany, New York. 
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When BCG vaccination was officially approved by the New York State 
Department of Health in May, 1948 (3), on the recommendation of the Division 
of Tuberculosis Control, the Division of Laboratories and Research, and the 
Committee on Public Health and Education of the Medical Society of the State 
of New York (4), the rules stipulated an optional use of either OT or PPD as 
test material before and after vaccination, with preference for the two-test 
procedure; or, if only one test was used, an intermediate dose of either 0.1 “mg.” 
of OT or 0.0002 mg. of PPD. It was recommended that readings should be made 
at forty-eight to seventy-two hours after the test is performed, and a positive 
r reaction should present definite induration of at least 6 by 6 mm., regardless of 
' whether redness was present or not. If the tuberculin test gave less than the 
| , required minimum reaction, it was recommended to revaccinate until a positive 
: tuberculin reaction was elicited. The optional employment of either OT or PPD 
was agreed upon, since the National Tuberculosis Association had recommended 
that PPD supersede OT because the former is more amenable to accurate speci- 
| fic protein dosage than the latter (5). 
| As the present investigators had had no previous experience with PPD in 
testing BCG-vaccinated subjects, simultaneous tests with OT and PPD before 
and after vaccination were made in order to compare their equivalence. The 
same location (midvolar surface of the left and right forearms) was used for all 
intradermal injections, using alternate arms for OT and PPD on every other 
subject in order to avoid possible differences in reactivity of the left and right 
arms. Scrupulously clean new syringes and 26-gauge intradermal point needles 
were used separately for each freshly prepared tuberculin dilution, and readings 
were made after forty-eight hours for practical purposes. Vaccination of negative 
reactors to 1.0 “mg.” of OT and 0.005 mg. of PPD was performed with freshly 
prepared 20 mg. of BCG vaccine per ml. and the multiple puncture technique 
(6). The effect of this route of vaccination is readily assessed since the resulting 
vaccination papules leave no doubt about the success of vaccination. 

It was soon learned that a considerable discrepancy existed between OT and 
PPD in successfully vaccinated subjects tested simultaneously eight to twelve 
weeks after vaccination. Approximately 50 per cent of subjects tested with 
0.01 “mg.” of OT presented definitely indurated skin reactions measuring 6 by 6 
mm. or more in diameter, and approximately 20 per cent of subjects tested with 
0.00002 mg. of PPD presented less definitely indurated skin reactions measuring 
6 by 6 mm. or more in diameter. Approximately 100 per cent of vaccinated sub- 
jects reacted to 1.0 “mg.” of OT with 2 and 3 plus indurated skin reactions, and 
approximately 60 per cent reacted to 0.005 mg. of PPD with mostly 1 and 2 plus 
indurated skin reactions. Pseudoreactions, faint redness without induration 
reaching its maximum intensity after twenty-four hours and fading out almost 
completely within forty-eight hours, were slightly more frequent with the second- 
strength doses of OT than of PPD. 

By adhering to the official recommendation to revaccinate negative reactors 
to the second-strength dose of PPD (who reacted strongly with the second- 
strength dose of OT), the writers observed almost regularly an accelerated and 


4 


A TUBERCULIN FRACTION FOR TESTING BCG SUBJECTS 337 


intensely inflamed local reaction in the vaccination punctures within two to six 
days after vaccination in contrast to the slowly developing vaccination papules 
in three to four weeks in negative reactors to the second-strength dose of both 
OT and PPD (7). This well-known accelerated phenomenon is widely accepted 
to indicate specific sensitization with BCG in spite of the negative skin reaction 
to PPD. The experience related was confirmed throughout the New York State 
BCG clinics. After having received numerous complaints about the apparent 
inadequacy of PPD as post-vaccination test material for tuberculin sensitivity 
in successfully vaccinated subjects, the present writers were constrained to 
modify the rules for tuberculin testing with preference to0.1 and 1.0 “mg.” of OT. 

This experience revealed a need for an improved purified tuberculin for post- 
vaccination testing. The results of Seibert and her colleagues (8) showed that 
the A and B proteins were more active than the whole mixture of proteins con- 
tained in PPD; whereas the C protein, precipitable at pH 4.0, was less potent 
and possibly nonspecific. It appeared logical, therefore, to attempt the prepara- 
tion of an improved tuberculin by methods that would yield the A and B frac- 
tions essentially free from C as well as from inert components. After several 
trials along this line, one partly purified protein (48189 #1, Nos. 14 and 15), 
which will be referred to as PT (prepared by M. C. P. and E. C.), proved suffi- 
ciently interesting to be given an extended experimental and clinical trial. 

The following comparative study of PT, OT, and PPD was made possible by 
the kind cooperation of Dr. Howard C. Stewart, of the Division of Tuberculosis 
Control; Dr. Harry C. Storrs, Director of the Letchworth Mental Hygiene 
Institution; Dr. Reuben J. Erickson, Director of the Tuberculosis Division in 
the Albany Hospital, and his assistant, Miss Florence Nellis, R.N.; Dr. John C. 
Vanatta, Student Health Physician at the Southwestern Medical School of the 
University of Texas; Dr. Martin M. Cummings, Chief of the Tuberculosis Re- 
search Laboratory in the Veterans Administration Hospital, Chamblee, Georgia; 
and numerous volunteers in the Division of Laboratories and Research. 


PLAN OF INVESTIGATION 
Clinical Material 
The clinical material consisted of three groups of persons with recent chest 
roentgenograms which showed no evidence of disease of the lungs. The control 
group contained 1,072 persons ina mental hygiene institution, hospital personnel, 
and laboratory workers with no history of tuberculosis. 


The age distribution of the group was 10.5 per cent between 5 and 10 years, 53.8 per cent 
between 11 and 20 years, 21.3 per cent between 21 and 30 years, 10.1 per cent between 31 
and 50 years, and 4.1 per cent up to 79 years of age. The BCG group consisted of 870 per- 
sons who had been BCG vaccinated by the multiple puncture method mostly within the 
previous twelve months, half of whom were inmates in a mental hygiene institution; and 
the remainder, medical students, student and graduate nurses, and laboratory personnel. 
Their age distribution was 18.6 per cent between 5 to 15 years and 81.4 per cent up to 30 
years of age. The tuberculin-positive group consisted of 182 persons in a mental hygiene 
institution and laboratory personnel who during the previous year had been found positive 
to either the first- or second-strength doses of OT, but with no history of clinical tubercu- 
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losis. This group rangedin ages from 10 to 32 years. In a separate paper, Drs. H. M. DuBose, 
W. R. Mason, and M. M. Cummings will report on the comparative specificity and potency 
of PT and PPD in a series of known tuberculosis patients, BCG-vaccinated subjects, and 
healthy controls (16). 


Tuberculins and Testing Methods 


Old Tuberculin, Lot 52, expiration date September 14, 1952, was prepared and stand- 
ardized by the Division of Laboratories and Research (9). First- and second-strength doses 
were made in phosphate buffer solution pH 7.3 in 1:10,000 and 1:100 dilutions, containing 
per 0.1 ml., respectively, 0.01 and 1.0 “mg.” of OT. Fresh dilutions were made before use and 
were always discarded within forty-eight hours after preparation. For comparison, a single 
lot of commercial purified protein derivative (Parke, Davis & Co., Lot Nos. 015889-X and 
018490-Y, expiration date September 22, 1953) was used. First- and second-strength dose 
tablets were dissolved in the provided buffer solution to contain per 0.1 ml., respectively, 
0.00002 and 0.005 mg. PPD. It should be noted that, although 0.005 mg. of PPD is 250 times 
stronger than 0.00002 mg. of PPD, its level of tuberculin activity is equivalent to 1.0 “mg.” 
of OT (1). Fresh dilutions were made before use and discarded the same day. 

The Purified Tuberculin PT was prepared as follows: 

Cultures of the human strain of M. tuberculosis No. 48189 were grown on Long’s 
medium for eight weeks, then killed by heating at 100°C. for one hour. The filtrates 
were dialyzed and dried from the frozen state. The fraction precipitable at pH 
4.0 was removed and the supernatant adjusted to pH 3.5, ionic strength 0.1, and 
final concentration of 20 per cent alcohol by appropriate additions of acetate buffer 
and alcohol. The precipitate which separated under these conditions constituted 
the Purified Tuberculin PT. Temperatures were maintained at 0°C. or lower as 
long as alcohol was present. 

Fraction PT represented approximately 20 per cent of the total nitrogen of the 
crude culture filtrate. It contained 6 per cent polysaccharide and gave no color 
test for desoxyribonucleic acid with diphenylamine. Electrophoresis revealed two 
components with suggestion of a third. The two peaks were not well resolved; 
the mobilities were approximately 4.88 X 10-§ and 3.08 X 10-* at pH 7.7. Thus, 
the properties of the heat-denatured proteins present in the PT cannot be directly 
correlated with the values reported for native A and B proteins (8). Nitrogen was 
determined by the Kjeldahl method and the concentration of protein was esti- 
mated from the nitrogen content. Dosage was based on this analysis, so that the 
protein content of the test solutions was strictly comparable to that of the PPD 
solutions. First- and second-strength doses were prepared by diluting the sterile 
concentrated material in phosphate buffer solution pH 7.3 to contain per 0.1 ml., 
respectively, 0.00002 mg. and 0.005 mg. of PT. Fresh dilutions were made before 
use and discarded the same day. 

New 1 ce. tuberculin syringes and 26-gauge intradermal point needles were used 
and kept separate for each type and dilution of tuberculin throughout the study. 
After each testing session, syringes and needles were thoroughly cleaned in 45 per 
cent urea during twenty-four hours, followed overnight by rinsing in running 
water when they were dried and autoclaved. The midvolar surface of the left fore- 
arm was used for injection sites for the first-strength doses and, after failing to 
react forty-eight hours later, the same surface of the right forearm was used for 
injection sites for the second-strength doses. 

Reading of the tuberculin reactions was made regularly after forty-eight hours 
and never later than after seventy-two hours. The minimum requirement for a 
positive reaction was definite induration or edema 6 by 6 mm. in diameter and 3 
mm. thick when skin was folded between caliper prongs. One-half of this thickness 
multiplied by the two maximum diameters of indurated area (for example: 1.5 by 
6 by 6mm. = 54 mm.’) provided an estimate of the volume of induration. No posi- 
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tive reaction was recorded on the basis of erythema alone. The minimum of 6 by 6 
mm. induration, irrespective of erythema, is the criterion for reading a positive 
test as recommended by the official BCG Vaccination Committee of New York (4). 
It has been found that the measurement of thickness of induration affords a more 
accurate means for reading doubtful positive reactions than the sole reading of 
surface measurements of induration. 


RESULTS 


Rather than arbitrarily classifying positive reactions as one, two, three, or four 
plus, according to the extent of maximum induration diameters, all of the read- 
ings were measured as accurately as possible with millimeter calipers as in pre- 


TABLE 1 
Comparison OF Positive TuBerRcULIN Reactions Forty-ergut Hours AFTER 
INTRACUTANEOUS INOCULATIONS OF FIRST- AND SECOND-STRENGTH DosEs oF 
0.01 anv 1.0 Ma. or OT anv 0.00002 anv 0.005 Ma. or PPD anv PT 


FIRST-STRENGTH DOSE SECOND-STRENGTH DOSE TOTAL 
TYPE OF 
TOSEECULEN Number | Member Per Cent Number Number Per Cent’ Number Per Cent 
Tested Positive Positive Tested Positive Positive Positive Positive 


GROUP 


Control OT , 69 " 126 84.0 
PPD 1,072 754 745 70.4 
PT 1,072 A : ; S40 78.3 


OT 27 126 
PPD y 479 
PT 27 : 578 


OT-positive re- PPD 182 145 79.6 174 
actors, 1948 PT 182 155 85.1 ‘ 176 


* The difference between these figures and those for PPD is significant by 
, (ad - be)*(a + b + ¢ + d) 


where a, 6, c, and d are the four observed numbers. 


vious studies from this laboratory (10). Such volumetric measurements facilitate 
statistical analysis of possible differences in degree of induration produced with 
comparable strength dosages of the three tuberculins under discussion. 

In table 1 may be seen comparison of the positive reactions obtained with 
first- and second-strength doses of tuberculin in terms of percentages. It will be 
noted in the control group that the first-strength dose of OT and PT elicited 
significantly more positive reactors than PPD, but by retesting negative reactors 
with second-strength doses the number of positive reactors with PPD was not 
significantly less than with either OT or PT. The total percentages of positive 
reactors were approximately equal for the three tuberculins. 

In the group of known tuberculin-positive reactors, there was a close corre- 
lation of reactors to the first- and second-strength doses of PPD and PT. 

The most interesting discrepancy in response to the various tuberculins was 
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observed in the group of BCG-vaccinated subjects. Whereas a close equivalency 
obtained between positive reactors to first- and second-strength doses of PT and 
OT, the difference between the percentages of persons reacting positively with 
both strengths of PPD and OT or PT was significant. This is particularly marked 
with the first-strength dose of PPD, which elicited only 17.3 per cent positive 
reactors against more than 50 per cent with either OT or PT. With the second- 
strength dose, approximately 20 per cent less positive reactors were detected 
with PPD than with the two other tuberculins; and the total percentage of posi- 
tive reactors with PPD still lagged approximately 20 per cent behind those 
detected by either OT or PT. 


TABLE 2 
oF Votume or INpURATION (MM.*) oF Positive REACTIONS 
(26 x 6 x 15MM. = 54 Mm.*) Forry-e1rcut Hours Arter INTRACUTANEOUS 
INOcULATIONS OF First- AND Seconp-Strenotu Dosgs or OT, PPD, anv PT 


FIRST-STRENGTH DOSE SECOND-STRENGTH DOSE 
Number Induration Number Induration 
| Positive (Mm.*) Positive (Mm.*) 
Control OT 81 610 + 770° 45 | 1,476 + 1,404* 
PPD — 328 434 463 427 4824+ 762 
PT 464 2,560 + 2,115* | 376 1,017 + 1,316* 
BCG OT 64 160+ 12 | 62 | 1,127+ 853° 
PPD 74 1638 405 690 + 668 
PT 233 399 + 266% | 345 | 2,409 + 1,919° 
OT-positive reac- PPD 145 533+ 333 | 2 | 10554 787 
tors, 1948 PT 155 | 3,700 + 2,759° 21 | 1,614 + 1,068 


* The difference between these figures and those for PPD is significant by 
m+nm+ 2 


at the P = 0.01 level. _ 

Standard deviation (+): ¢ = 

Differences in the volume of induration produced by first- and second-strength 
doses of the three tuberculins are presented in table 2. As may be seen, the first- 
strength dose of PT produced significantly greater volumes of induration than 
either OT or PPD in the three groups under investigation. The least volume of 
induration was produced by PPD, except in BCG-vaccinated subjects who re- 
sponded equally well to the first-strength dose of OT and PPD. As might have 
been expected, a considerably greater area of induration to the first-strength 
dose of the various tuberculins was observed in naturally infected subjects than 
in BCG-vaccinated subjects. Nevertheless, the personnel who participated in 
these field studies were unanimous in their opinion that the reading of the first- 
strength dose reactions with OT and PT was considerably easier than with PPD, 
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which usually produced a poor to fair induration reaction of 1 and 2 plus intensity 
in contrast to the markedly raised and definitely circumscribed induration reac- 
tions of 2 and 3 plus intensity produced by OT and especially by PT. 

In view of the excessively intense areas of induration produced by the second- 
strength dose of OT and PT in successfully BCG-vaccinated subjects who failed 
to react positively to the first-strength dose, as well as the higher frequency of 
pseudoreactions with the second-strength dose, comparative tuberculin tests 
were made with an intermediate strength of 0.1 “mg.” of OT and 0.0002 mg. of PT 
and PPD. The comparative tests were made in a series of 66 student nurses 
successfully vaccinated with BCG by the multiple puncture method eight to 
sixteen weeks previously. The data on positive reactors and volumes of induration 
are presented in table 3. It will be noted that 96.9 per cent reacted equally posi- 
tively with OT and PT, whereas only 56.1 per cent reacted positively with PPD. 
The occurrence of pseudoreactions was almost negligible with this intermediate- 
strength dose of OT and PT and distinctly better induration reactions to either 


TABLE 3 


ComPARISON OF Positive Reactors AND VOLUME oF INDURATION (MM.*) wiTu 
INTERMEDIATE STRENGTH Dose or 0.1 Ma. or OT anv 0.0002 Ma. or PPD ano 
PT 1n BCG-Vacctnatep SuBsects 


INTERMEDIATE STRENGTH DOSE OF TUBERCULIN 

TURERCULIN Volume of Induration 
(Mm.*) 


Number Tested | Number Positive 


66 64* . 301 + 185* 
37 5 185 + 114 
64* 461 + 262* 


* Significant differences from PPD figures. 


OT or PT were observed than to PPD. Thus, it would appear that a single pre- 
vaccination and post-vaccination test with 0.1 “mg.”’ of OT or 0.0002 mg. of PT 
is adequate to detect the appearance of tuberculin sensitivity in successfully 
vaccinated subjects without inflicting excessively severe local reactions. 


DISCUSSION 


It is generally agreed that the ideal tuberculin antigen and tuberculin test 
have not as yet been devised (11). Such an antigen would contain the whole 
protein molecule necessary for complete tuberculin action (12), and the tuber- 
culin test would have a sharp endpoint with an accurately measurable reaction 
in terms of induration. Substitution of commercial purified protein derivative 
(PPD) for Old Tuberculin seemed warranted after the demonstration that: the 
skin-reacting specificity and potency of tuberculin depends solely on its protein 
content and not on such impurities as nucleic acid and polysaccharide (1); and 
the specific tuberculin reaction of PPD was almost equivalent to OT in patients 
with bacteriologic and roentgenographic evidence of pulmonary tuberculosis 
(2). A deficiency of exclusive use of PPD as test material was brought out in 
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the present investigation of the comparative specificity and potency of OT, the 
purified tuberculin (PT), and PPD in persons successfully vaccinated with 
BCG. In this group approximately 30 per cent fewer positive reactors were ob- 
served with the first-strength dose and approximately 20 per cent less with the 
second-strength dose of PPD than with corresponding doses of either OT or PT. 
On the supposition that PPD is equivalent in specificity and potency to OT in 
all persons infected with tubercle bacilli (including BCG organisms), all negative 
reactors to PPD among apparently successfully BCG-vaccinated subjects are 
advised to be revaccinated if tuberculin sensitivity has not appeared eight to 
twelve weeks after vaccination. This practice has invariably led to an untoward 
production in such persons of an accelerated vaccination reaction (Koch phe- 
nomenon) within a few days after revaccination (7) and subsequent blemishing 
pigmentation and scarification marks. On the basis of such observations, Ustvedt 
(13) has questioned the reliability of the tuberculin test among negative reactors 
in successfully vaccinated subjects and he recommends instead the use of the 
Koch phenomenon, elicited by applying viable or heat-killed BCG vaccine by 
the multiple puncture method (2 punctures), as a substitute for the tuberculin 
test. This view is also supported by Aronson and McGettigan (14). 

The present study has also brought out that the sole use of the first-strength 
dose of PPD in general diagnostic and epidemiologic work fails to detect approxi- 
mately 25 per cent of subjects who react positively with corresponding doses of 
either OT or PT. This significant difference in specificity between PPD and the 
two other tuberculins with the first-strength dose is important in view of the 
observation by Furcolow and his co-workers (15) that the use of the first- 
strength dose is less productive of “false” or ‘‘unspecific’”’ reactions than is the 
second-strength dose, which is capable of producing some sort of intracutaneous 
reaction in all tested subjects. Nevertheless, in previously known tuberculin- 
positive reactors to OT, the present writers observed complete equivalence be- 
tween PPD and PT, and the same will be reported in a separate paper by DuBose, 
Mason, and Cummings (16) in patients with active tuberculosis. 

It should be emphasized that the tuberculin fraction PT is not a “pure” 
protein, but is merely the most potent fraction that it was possible to isolate by 
simple methods from heated culture filtrates. More satisfactory purification can 
undoubtedly be attained by starting with unheated filtrates. It is believed that 
the importance of the present results lies in the demonstration that such a partly 
purified fraction may be a more reliable and specific indicator to tuberculin 
sensitivity in BCG-vaccinated persons than is the whole mixture of active 
proteins. This lends weight to the argument that efforts at preparing a true 
“purified” standard should be directed to the use of individual proteins such 
as Seibert’s A and B fractions (8), rather than to recovering the entire tuberculin 
activity of the filtrates. 

SUMMARY 

A comparative study has been made of the specificity and potency of Old 
Tuberculin (OT), purified protein derivative (PPD), and a purified tuberculin 
(PT) in healthy control subjects, known tuberculin-positive reactors to OT, 
and BCG-vaccinated persons. 
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The percentage of positive reactions induced in all groups by the first- and 
second-strength doses (0.00002 and 0.005 mg.) of the PT used in this study was 
equivalent to that induced by 0.01 and 1.0 “mg.” of OT, while PPD produced 
significantly less positive reactions to the first-strength dose in healthy controls, 
and to first- and second-strength doses in BCG-vaccinated persons. Equivalence 
between PT and PPD was observed in known OT-positive reactors. 

The purified tuberculin used in this study would appear more reliable than 
purified protein derivative to detect the appearance of tuberculin sensitivity in 
BCG-vaccinated persons whose acquired tuberculin sensitivity is significantly 
less than that produced by a natural infection with tubercle bacilli. 


SUMARIO 


Estudios de una Fraccién Purificada de Tuberculina en la Comprobacién de 
los Sujetos Vacunados con BCG. Estudio Preliminar 


Este estudio comparado de la especificidad y la potencia de la Tuberculina Antigua 
(TA), dei derivado proteinico purificado (DPP), y de una tuberculina purificada (TP) fué 
llevado a cabo en testigos sanos, reactores conocidos a la tuberculina (TA) y personas 
vacunadas con BCG. 

El porcentaje de reacciones positivas evocadas en todos los grupos con dosis de la pri- 
mera y la segunda dilucién (0.00002 y 0.005 mg.) de la TP usada en este estudio fué equiva- 
lente al evocado con 0.01 y 1.0 “mg.” de TA, mientras que el DPP produjo reacciones signifi- 
cativamente menos positivas con dosis de la primera dilucién en testigos sanos, y con dosis 
de la primera y la segunda dilucién en los becegetizados. En los reactores conocidos a la 
TA hubo equivalencia entre la TP y el DPP. 

La tuberculina purificada utilizada en este estudio parece ser mds digna de confianza 
que el derivado proteinico purificado para descubrir el viraje a la tuberculina en los bece- 
getizados cuya sensibilidad adquirida a la tuberculina es significativamente menor que la 
producida por una infeccién natural con bacilos tuberculosos. 


RESUME 


Etude d’une fraction de tuberculine purifiée au cours de tests chez des sujets 
vaccinés par le BCG. Etude préliminaire 


Une étude comparative sur la spécificité et l’activité de la Vieille tuberculine (OT), du 
dérivé protéique purifié (PPD) et d’une tuberculine purifiée (PT) a été effectuée chez des 
sujets témoins en bonne santé, des sujets ayant une réaction positive a la tuberculine (OT) 
et chez des sujets vaccinés par le BCG. 

Le pourcentage de réactions positives, provoqué dans tous les groupes par la dose No. 1 
et la dose No. II (0,00002 et 0,005 mg.) de PT utilisé dans cette étude, s’est montré équiva- 
lent A celui provoqué par 0,01 et 1 “mg.” de OT, tandis que le nombre de réactions positives 
produites par le PPD & la dose No. 1 chez les témoins bien portants et aux doses No. 1 et 
No. II chez les sujets vaccinés par le BCG étaient nettement moins significatif. L’équiva- 
lence entre PT et PPD a été observée chez les sujets ayant une réaction positive 4 OT. 

Il semble que la tuberculine utilisée dans cette étude soit plus sire que le dérivé pro- 
téique purifié, pour déceler la conversion tuberculinique chez les individus vaccinés par le 
BCG, dont la sensibilité acquise 4 la tuberculine est nettement inférieure 4 celle résul- 
tant de l’infection naturelle par le bacille tuberculeux. 
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INTRODUCTION 


The discovery of Old Tuberculin (OT) by Robert Koch (1) in 1890 aided im- 
measurably in the study of the epidemiology of tuberculosis. With the prepara- 
tion of OT in many laboratories throughout the world, however, wide variations 
in the skin reactions produced by these preparations became apparent, seriously 
impairing its use as an epidemiologic and a diagnostic tool. This was pointed out 
by Calmette and de Potter (2) in 1926 in a survey showing the variations in 
methods of preparation and potency of OT produced from different strains of the 
tubercle bacillus under identical conditions in the same laboratory. It was also 
recognized that the undesirable sensitizing property of OT which produced 
shock in the guinea pig was caused by a different principle from that responsible 
for the skin reaction. 

In an attempt to standardize and purify tuberculin, Long and Seibert (3) iso- 
lated a protein with high tuberculin activity from a synthetic culture medium in 
which tubercle bacilli had been grown. This substance proved to be the active 
principle of the tuberculoprotein that produced the skin reaction in sensitive in- 
dividuals only and yet did not produce skin sensitivity in nonallergic subjects. It 
was introduced in 1934 as purified protein derivative (PPD) (4) followed in 1938 
by another practical purified tuberculin by Jensen and his co-workers (5). The 
great advantage of this substance was its availability in dry form without loss of 
potency under long storage conditions, and the increased accuracy with which it 
could be prepared for clinical use as compared with the uncertain dilution factors 
of the OT stock solutions. The use of PPD in large series has shown its dependa- 
bility as a uniform skin-testing material, permitting the comparison of the results 
obtained in different groups. This material, in the standard first- and second- 
strength doses of 0.00002 mg. and 0.005 mg., respectively, was found to elicit skin 
reactions in 90 to 95 per cent of persons with known tuberculous infections (4, 6). 

An ideal tuberculin skin-testing substance might be defined as a chemically 
stable substance which, in a single measured quantity, will produce, without 
systemic or severe local side effects, a skin reaction in all individuals sensitive to 
tuberculoprotein by natural or artificial infections, but will not produce skin 
reaction or induce tuberculoprotein sensitivity in nonsensitive individuals. In 
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spite of the tremendous advances made in the last thirty years, this goal has not 
been reached. With the advent of mass BCG vaccination there has been a surge 
of interest in the application of the tuberculin test. Of particular importance is the 
observed discrepancy between the number of “‘takes”’ after intradermal injection 
of the vaccine and the considerably lower percentage of tuberculin reactions six 
to twelve weeks afterwards. 

Because of the important role of the tuberculin test in BCG vaccination, it 
seems desirable to improve its reliability whenever possible. As a consequence, 
the present study was made in which the new tuberculin (Pangborn-Cummerow- 
Birkhaug) skin-testing substance has been compared with PPD (14). The prop- 
erties of the Pangborn-Cummerow-Birkhaug material are presented in another 
report in this journal (page 335). 


MATERIALS AND METHODS 
Subjects 

Three groups were chosen for the study. The first was a control group consisting 
of general medical patients and hospital personnel without known tuberculosis; 
the second was composed of known tuberculous patients; the third group con- 
sisted of medical students, nurses, and hospital attendants, who had been vac- 
cinated with BCG within the preceding eight months. All subjects had recent 14- 
by 17-inch chest roentgenograms. 

Tuberculins 

The new tuberculin was identified as Purified Tuberculin #48189, Lot 14, 15, and was 
prepared in the Division of Laboratories and Research, New York State Department of 
Health*. For convenience, it will be designated hereafter as PT’. For comparison, a single 
lot of commercial purified protein derivative (Parke, Davis & Company) was used and will 
be designated PPD. The PT was made available in stock solutions and was prepared in 
first strength (0.00002 mg.) and second strength (0.005 mg.) doses as needed. PPD was avail- 
able in tablet form and was prepared in first-strength (0.00002 mg.) and second-strength 
(0.005 mg.) doses as needed, using the buffered diluent provided. Both solutions were re- 
frigerated when not in use and were discarded when seventy-two hours old. 

New, unused, | cc. tuberculin syringes and 26-gauge needles were used. Each tuberculin 
had its assigned syringes and needles, which were kept separate during the entire study. 
Syringes and needles were washed thoroughly with warm soapy water, rinsed several times 
in clear tap water, and autoclaved when not in use or when changing from first- to second- 
strength solutions (7). The midvolar surfaces of the forearms were used for injection sites 
and, if no reaction occurred within forty-eight hours after the first-strength dose, 
second-strength doses were injected at sites level with or distal to the previous injection 
sites. 

Reactions were examined forty-eight hours after injection by the same observer 
who made the injections. Three observers performed the tests. One tested 168 
subjects; a second, 25 subjects; and a third observer, 22. A reaction was consid- 
ered positive when 5 mm. or more induration of the skin with erythema was 
found by actual measurement at the site of injection. Erythema itself was not 

* Supplied to us by Dr. Konrad Birkhaug, Dr. Mary C. Pangborn, and Mrs. Elizabeth 


Cummerow of the Division of Laboratories and Research, New York State Department of 
Health, Albany, New York. 
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considered to be indicative of positive reaction and, therefore, was estimated but 
not recorded in this report. 


TABLE 1 
ComPARISON OF Positive SKIN REACTIONS AT THE END oF Hours AFTER 
INTRACUTANEOUS INJECTIONS OF PURIFIED Protrein Derivative (PPD) 
Puairiep TuBercutin (PT) 


0.005 mc. 
SECOND STRENGTH 
Number | Number | [er Cent | 
Tested | Positive | 
| 


38.0 


Control | 
53.0 


90.0 
96.0 


Tuberculosis 


| | 
50.0° 


* The difference between these figures is significant by T = 
a 


TABLE 2 
COMPARISON OF INDURATION OBTAINED AT THE ENpD oF Forty-ge1GHtT Hours AFTER 
INTRACUTANEOUS INOCULATION WITH PURIFIED PROTEIN Derivative (PPD) 
AND PuriFiep TusercuLiIn (PT) 


0.005 uc. 
SECOND STRENGTH 
TYPE OF 
TUBERCULIN 


Aver: 
Induration 


Tuberculosis 


BCG 


Differences in each group were compared by T = 2-5 
aP, aP; 


RESULTS 


Positive reactors: There were more positive reactors to PT than to PPD (table 
1). In the control group 53 (53 per cent) of those receiving the first-strength dose 
gave positive reactions to PT as compared with 38 (38 per cent) for PPD. Of 
those in the control group who were given the second-strength dose, 20 (70 per 


| 
| Positive 
lof Total 
|» 20 | 70.0 
| Pr | 8&8 | 
BCG PPD | 65 30 22 73.0 
PT 65 | 3 | 2 | 83.0 
Pi Py 
GROUP 
Number Number 
| (Millimeters) | Positive | (Millimeters) | 
Control PPD | 38 | 9.0 | 7 | 9.0 
PT 52 13.5 | 2 | 12.0 
| | 
PT | 60 | 2 
| PPD | wo | 78 | | 18.0 
| PT | 32 | 13.2 | 2% | 16.5 
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cent) reacted to PT and 17 (60 per cent) to PPD. Nevertheless, these differences 
are not significant. Forty-nine (96 per cent) of the tuberculous group had positive 
skin reactions to first-strength PT while 46 (90 per cent) reacted to first-strength 
PPD. It is interesting to note that, in the BCG group, 32 (50 per cent) reacted 
to first-strength PT, but only 10 subjects (15.4 per cent) reacted to a similar dose 
of PPD. Thirty subjects in this group were given the second-strength dose of the 
two tuberculins, with 25 (83 per cent) reacting to PT and 22 (73 per cent) reacting 
to PPD. This was not a significant difference for the second-strength tuberculins, 
but a statistically significant difference exists when the first-strength results are 
compared. 

Induration: It was thought that a comparison of the induration produced by 
the two tuberculins would be of interest. These values are set forth in table 2. It 
will be noted that the average induration in millimeters was greater for PT in all 
groups except the tuberculous patients who were given second-strength doses of 
the two tuberculins. In each case the difference is statistically significant. 


DISCUSSION 


A comparison of the potency of two tuberculin preparations is at best a crude 
estimation because such a study is fraught with many unavoidable errors in tech- 
nique as well as the inevitable biologic variations. Variations may occur in pre- 
paring small quantities of biologicals for clinical use. Moreover, it is evident that 
variations must occur in the actual injection of tuberculin. When it comes to 


individual interpretation of skin reactions, one has only to refer to the recent 
study by Meyer, Hougen, and Edwards (8) to appreciate the wide range of indi- 
vidual variation. In the present study it was sought to reduce the “human error” 
by having each observer prepare all solutions, perform all injections, and inter- 
pret all skin reactions for one specific group of subjects. Undoubtedly, small 
quantities of tuberculin remain on the syringe and needle after use, as was shown 
by Nelson, Seibert, and Long (7), unless special attention is given to the cleansing 
of these instruments. This could be the source of considerable error if the same 
syringe were used interchangeably for two strengths of tuberculin. It was be- 
lieved that cleaning the equipment as described was adequate to reduce this 
source of error to a minimum. The question of variability in potency of different 
lots of tuberculins does not enter into this study, as single lots of each type were 
used. 

Unfortunately, all persons who have tuberculous infections will not give a 
positive skin reaction to tuberculin, regardless of the potency of the tuberculin 
used (9, 10, 11). For the most part, these are cachetic or senile patients with 
active tuberculosis who lose their tissue allergy and usually do not present a great 
problem. There were no such patients included in the present study. 

It is well known that BCG-vaccinated subjects frequently lose their positive 
tuberculin reaction within various periods of time following vaccination and that 
some never react to tuberculin (9, 12). The BCG group in the present study had 
been vaccinated by the multiple puncture technique six to eight months prior to 
the study with the same lot of vaccine, and all reacted to tuberculin six weeks 
later. It is interesting to note that six to eight months later only 15.4 per cent 
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reacted to PPD but 50.0 per cent reacted to PT, and the average size of skin 
reaction to PT was significantly greater than the reaction to PPD. If PT is truly 
a more sensitive indicator of tuberculin sensitivity than PPD, it would be of great 
benefit in more accurately determining the incidence or “‘takes’’ and persistence 
of allergy among BCG-vaccinated subjects. 

In contrast to infected individuals with negative tuberculin skin reactions, 
there are those who have a positive skin reaction to tuberculin but are not in- 
fected and apparently have never had known contact with the tubercle bacillus. 
This has been referred to as the “false positive” or nonspecific tuberculin reac- 
tion. Furcolow and his associates (13) in 1941, employing quantitative tuberculin 
skin tests, found that all persons will react to tuberculin if the quantity given is 
large enough, regardless of absence of tuberculosis clinically or history of expo- 
sure. In Furcolow’s tuberculous group, 99 per cent reacted to first- and second- 
strength doses ordinarily used clinically. This was experienced in the tuberculous 
group of the present study with both PPD and PT. Ustvedt and Aanonsen be- 
lieve that “false positives” or nonspecific reactions to tuberculin occur more 
frequently when the intracutaneous method of testing is used (11). 

Despite the fact that 98 per cent of the tuberculous group reacted to PPD and 
100 per cent to PT, the possibility of “false positive” or nonspecific reactions 
cannot be excluded and the problem must be studied in more detail in a large 
series. These writers (11) have suggested the use of the diagnostic BCG test as a 
means to distinguish between the nonspecific and true reactions to tuberculin. 
The greater number of positive reactions and the consistently larger skin reac- 
tions obtained from PT in the first strength as compared with PPD in like quan- 
tity seems to indicate that PT is a more sensitive indicator of tuberculin skin 
sensitivity than PPD. 


SUMMARY 


A new purified tuberculin and commercial purified protein derivative were 
compared in apparently normal, tuberculous, and BCG-vaccinated persons. 

The purified tuberculin yielded a greater number of positive reactors in the 
first-strength dose than did purified protein derivative, but the difference is sig- 
nificant only in the BCG group. The induration was more intense and larger when 
the new purified tuberculin was used. This was more striking in the group of per- 
sons tested six to eight months after BCG vaccination. There was no significant 
difference in the number of reactions obtained by the use of the second-strength 
doses of the two tuberculins, but the size of reaction produced by the purified 
tuberculin (Pangborn-Cummerow-Birkhaug) was significantly greater. 


SUMARIO 


Comparacién de una Nueva Tuberculina Purificada con DPP 
La nueva tuberculina purificada y el derivado proteinico purificado comercial (DPP) 
fueron comparados en personas aparentemente sanas, tuberculosas y vacunadas con BCG. 
La tuberculina purificada dié un ndmero mayor de reactores positivos con dosis de la 
primera dilucién que el derivado proteinico purificado, pero la diferencia sdélo revistié 
importancia en el grupo becegetizado. La induracién fué mds intensa y mayor cuando se 
usé la nueva tuberculina purificada, siendo esto m4s notable en el grupo de personas compro- 
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badas de seis a ocho meses después de la vacunacién con BCG. No hubo diferencia signi- 
ficativa en el ndmero de reacciones obtenidas al usar dosis de la segunda dilucién de las 
dos tuberculinas, pero fué significativamente mayor el tamafio de la reaccién producida 
por la tuberculina purificada (Pangborn-Cummerow-Birkhaug). 


RESUME 


Etude comparative d’une tuberculine pu-ifiée nouvelle et du PPD 

Une étude comparative de la nouvelle tuberculine purifiée et du dérivé protéique purifié 
du commerce a été effectuée chez des sujets paraissant bien portants, chez des tuberculeux 
et chez des individus vaccinés par le BCG. 

La tuberculine purifiée 4 la dose No. I (0,00002 mg.) a donné un nombre plus grand de 
sujets a réaction positive que le dérivé de protéine purifiée, mais la différence n’est signi- 
ficative que dans le groupe BCG. L’induration était plus intense et plus étendue quand la 
nouvelle tuberculine purifiée était employée. Cette manifestation était encore plus frap- 
pante dans le groupe de sujets soumis au test dans un délai de six 4 huit mois aprés la vac- 
cination par le BCG. II n’y avait pas de différence significative dans le nombre de réactions 
obtenues par l’usage de la dose No. 2 (0,005 mg.) des deux tuberculines, toutefois, la di- 
mension de la réaction produite par la tuberculine purifiée (Pangborn-Cummerow-Birk- 
haug) était nettement plus grande. 
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INTRODUCTION 


The significance of post-vaccination tuberculin allergy in BCG immunization 
has not been agreed upon. On the one hand, there has been the supposition and 
claim that post-vaccination tuberculin sensitivity is a direct measure, or at least 
an indication, of immunity while, on the other hand, it has been suggested that 
it may indicate no more than multiplication or deposition of the organisms 
in the tissues. Hertzberg (1), Ustvedt (2), and others (3, 4) believe that a moder- 
ately high sensitivity to tuberculin is an indication of a higher degree of re- 
sistance to infection than is a slight sensitivity; whereas Aronson (5), Willis (6), 
Rich, and McCordock (7) and others (8, 9) suggest that there is not necessarily 
a relationship between the degree of immunity and allergy. The latter point of 
view suggests that acquired immunity may develop coincidentally with the 
allergenic response but that its coexistence may not be invariable. Raffel (8) 
has demonstrated that guinea pigs immunized with certain components alone of 
the tubercle bacillus may develop cutaneous allergic reactivity to tuberculin but 
show no resistance to tuberculous infection, thus emphasizing the possibility of 
the independence of tuberculin sensitivity and acquired immunity. 

Inasmuch as the evaluation of an antituberculous vaccine by the immuniza- 
tion, challenge, and subsequent post-mortem examination of animals is a pro- 
cedure of long duration, a more rapid indicative measure of immunity would be 
a useful additional tool. The post-vaccination tuberculin sensitivity would, there- 
fore, be a comparatively simple expedient for the quantitative evaluation of 
immunity were it not for its controversial position. In a series of potency assays 
on a number of vaccines, an attempt has been made to assess the relation of the 
quantitative post-vaccination allergy to protective immunity as determined in 
guinea pig tests. 


MATERIALS AND METHODS 


Two types of antituberculous vaccines, BCG and a nonviable irradiated vaccine pre- 
pared from a virulent culture of M. tuberculosis (10), were evaluated for their antigenic 
potency in guinea pigs. BCG vaccines were prepared in this laboratory and also obtained 
from two recognized BCG laboratories, and are designated hereafter as BCG A, B, and C. 
The BCG vaccines were always used within twenty-four to forty-eight hours of prepara- 
tion. Groups of 30 to 35 tuberculin-negative, white, male, 325- to 375-gram guinea pigs 
were immunized by three weekly 5 mg. doses. BCG was given intraperitoneally while ir- 
radiated vaccines were given intraperitoneally, subcutaneously, intramuscularly, or intra- 
cutaneously. 

Approximately one month following the last dose of vaccine and before challenge, 0.0005 


From the Research Laboratories, Parke, Davis & Company, Detroit, Michigan. 
351 


— 


352 SARBER AND HEMANS 


mg. (5/10,000) of tuberculin PPD was given intracutaneously, and the tuberculin reactions 
were recorded twenty-four hours later. 

Following the determination of post-vaccination tuberculin sensitivity, all immunized 
animals and a control group of normal animals were challenged intraperitoneally with 0.01 
mg. semi-moist weight of M. tuberculosis H37Rv. 

Approximately two to three months after challenge, when random sampling showed pro- 
gressive tuberculosis established in the controls, all animals were sacrificed and post- 
mortem examinations were made to determine the extent of tuberculous involvement of 
the liver, spleen, and lungs. Potency of the vaccines was evaluated by a modification of the 
Feldman Index (11) in which arbitrary numerical values are assigned to the organs accord- 
ing to the degree of infection, considering 100 units as the maximal arbitrary theoretical 
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None (Index = 0) Minimal (1-33) Moderate (34-66) Advanced (67-100) 


Degree of Infection 
Fie. 1. Comparative post-vaccination allergy and degree of infection for BCG and ir- 
radiated vaccine. 


amount of tuberculosis possible in any one animal. Animals were tabulated in groups on 
the numerical basis of the degree of immunity. 

Within each of these immunity-based groups, the variants in the post-vaccination tuber- 
culin sensitivity were plotted graphically as computed from the 2 Standard Error of the 
average area of the tuberculin reaction and the positive and negative deviations from that 


reaction. 
RESULTS 


Results of comparative evaluations between BCG and irradiated vaccine are 
shown in figure 1. The 2 Standard Error “Spread” (or deviations) of the tuber- 
culin reactions for the two vaccines are shown on the same graph, grouped ac- 
cording to the degree of tuberculous infection. The average tuberculin reaction 
of each group is shown as the intermediate point of the solid line while the devia- 
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tions from that point indicate the 2 Standard Error range of the tuberculin reac- 
tions. Inasmuch as a straight line can be drawn across the figure which will in- 
tersect the plottings of the tuberculin reactions of each immunity-based group of 
animals, there is no mathematical significance in the difference of degree of tu- 
berculin sensitivity in those groups of animals immunized with the same vaccine 
but showing different degrees of immunity. In other words, in figure 1 the range 
of degree of tuberculin sensitivity in each group of animals, regardless of the 
quantitative extent of disease in the group, overlapped the range of tuberculin 
sensitivity in each of other groups in the BCG A-vaccinated animals which are 
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Degree of Tuberculin Sensitivity (mm.2) 
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None (Index = 0) Minimal (1-33) Moderate (34-66) Advanced (67. 100) 
Degree of Infection 
Fic. 2. Comparative post-vaccination allergy and degree of infection for three BCG 
vaccines. 


designated by the numeral “1.”’ The same held true for the animals immunized 
with irradiated vaccine and designated by the numeral “2.” 

Three BCG vaccines, A, B, and C, were also evaluated for their antigenic 
potency and post-vaccination tuberculin allergy. As in the preceding experiment, 
the 2 Standard Error tuberculin reactions of guinea pigs immunized with these 
vaccines have been plotted within each immunity-based group. In figure 2 
it can be seen once again that between these immunity-based groups there was 
no significant correlation between the tuberculin reaction and the degree of im- 
munity. None of the animals immunized with BCG B and BCG C fell in the 
“‘no tuberculosis infection” group, which accounts for the absence of these lines 


in the graph. 
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Fic. 3. Comparative post-vaccination allergy and degree of infection for various lots of 
rradiated vaccine. 
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Fic. 4. Comparative post-vaccination allergy and degree of infection for irradiated 
vaccine by various routes of administration. 
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This same test was also applied to groups of guinea pigs immunized with three 
different lots of irradiated vaccine. In these experiments also (figure 3), the 2 
Standard Error tuberculin reactions of these animals showed no correlation with 
the degree of immunity. It is interesting to note that, if only the average of the 
tuberculin reactions had been used in the group immunized with Lot 7 irradiated 
vaccine, there would erroneously appear to be a relation between the degree pf 
tuberculin sensitivity and the amount of acquired immunity. Nevertheless, in 
these experiments also it can be seen that a straight line will bisect all the plot- 
tings, showing that here too, as well as with the other vaccines in this group, 
there was no significant correlation between the tuberculin sensitivity and the 
degree of immunity. None of the animals immunized with Lot 7 irradiated vac- 
cine showed advanced tuberculosis. 

The relation of post-vaccination allergy to protective immunity in animals im- 
munized by various routes with the same irradiated vaccine is shown in figure 4. 
Again, in none of these groups was there a significant correlation between the 
tuberculin reactions and the degree of tuberculosis. 


SUMMARY 


Guinea pigs immunized with either BCG or irradiated vaccines of dead bacilli 
given by different routes showed no significant correlation between the degree 
of post-vaccination tuberculin sensitivity before challenge and the degree of im- 
munity following challenge with a virulent culture. 

Plotting of the variants of the tuberculin reactions demonstrates that there is 


a wide degree of variation in the tuberculin sensitivity within, as well as between, 
groups of animals with a similar degree of immunity as well as in those animals 
with differing degrees of immunity. 

On the basis of results obtained in these experiments, the post-vaccination 
tuberculin reaction is not a suitable quantitative measure of immunity for anti- 
tuberculous vaccine assay under the test conditions used. 


SUMARIO 


La Significacién de la Cutirreaccién ala Tuberculinaen la Valoracién de Vacunas 
Antituberculosas 

Los cobayos inmunizados bien con BCG o con vacunas antituberculosas irradiadas 
administradas por distintas vias no revelaron correlacién significativa entre la intensidad 
de la sensibilidad postvacunal a la tuberculina antes de la provocacién y la intensidad de la 
inmunidad consecutiva a la provocacién con un cultivo virulento. 

El trazado de las variantes de las reacciones a la tuberculina demuestra que existe amplia 
variacién de la sensibilidad a la tuberculina dentro de, asi como entre, los grupos de ani- 
males dotados de inmunidad semejante, e igualmente en los animales dotados de distinta 
inmunidad. 

A base de los resultados obtenidos en estos experimentos, la reaccién postvacunal a la 
tuberculina no constituye una medida cuantitativa adecuada de la inmunidad para la valo- 
racién de vacunas antituberculosas en las condiciones de este ensayo. 


RESUME 
La valeur de la réaction cutanée a la tuberculine dans le titrage du vaccin tuberculeuzx 


Chez des cobayes ayant été immunisés soit avec le BCG soit avec des vaccins tuberculeux 
irradiés, administrés par des voies différentes, il n’a été observé aucune corrélation signifi- 
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cative entre les degrés de la sensibilité post vaccinale & la tuberculine avant le test et le 
degré de l’immunité obtenu A la suite d’un test avec une culture virulente. 

Le graphique des variantes des réactions A la tuberculine prouve qu’il existe une grande 
gamme de variations dans la sensibilité A la tuberculine a |’intérieur des groupes d’animaux 
comme entre les groupes d’animaux possédant un degré d’immunité similaire, de méme que 
chez ceux des animaux présentant des degrés d’immunité différents. 

Sur la base des résultats obtenus dans ces recherches, la réaction post-vaccinale a la 
tuberculine n’est pas une mesure quantitative satisfaisante de l’immunité pour titrer le 
vaccin tuberculeux, dans les conditions de l’expérimentation. 
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INTRODUCTION 


The present study was undertaken after noting hypopotassemia in 2 patients 
and hyponatremia in 3 others under treatment for tuberculosis with streptomy- 
cin and oral para-aminosalicylic acid (PAS). A potassium deficiency during PAS 
therapy has been reported (1, 2) although the mechanism causing this deficiency 
has not been clarified. An attempt was made in the present study to determine 
whether para-aminosalicylic acid therapy may be a causative factor in producing 
potassium and sodium deficiencies in tuberculosis. 


MATERIALS AND METHODS 


Ten subjects with active pulmonary tuberculosis were studied. Therapy consisted of 1 
gm. of streptomycin twice weekly and 12 gm. of PAS orally daily. The patients received a 
diet of 2,800 calories per day, containing an average of 3.6 gm. of sodium and 5.1 gm. of po- 
tassium with an added salt intake of 9 to 12 gm. of sodium (as NaCl) and 3.0 mg. of potas- 
sium. A rigid control of mineral intake was not feasible during this extended period of 
study. 

Blood serum and twenty-four-hour urine samples were collected every seven days 
prior to and during PAS therapy and were analyzed for sodium and potassium by means 
of the flame photometer; lithium was used as an internal standard. The ranges of the serum 
sodium and potassium in 20 normal males were 144.5 + 5.44 and 5.1 + 0.67 mEq. per liter, 
and the twenty-four-hour urine sodium and potassium were 13.5 + 6.0 and 6.0 + 1.5 gm. 
per twenty-four hours. 


RESULTS 


No appreciable effect of PAS upon the serum or twenty-four-hour urine 
potassium was found (table 1). The mean serum and twenty-four-hour urine 
potassium compared with control levels prior to PAS therapy revealed no signif- 
icant difference. 

Low initial serum sodiums of 121.30, 124.44, and 133.50 mEq. per liter were 
found in 3 patients (R. M., A. M., and G. E.) prior to therapy. Two of the 
patients (G. E. and A. M.) with hyponatremia continued to excrete sodium in 
the urine without correcting their serum sodium to normal for five to twelve 
weeks, respectively (table 2). With the exception of these 3 patients, the serum 
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TABLE 1 
MEAN Serum anv Urine Potassium VALUES IN Patients Recervine PAS 
FOR TUBERCULOSIS 


SERUM POTASSIUM URINE POTASSIUM 
PATIENT 

\ Number During (mEq. per L.) em Number (gm. 

R. A. 5.7 5 4.7 + 0.10 4.5 | 6 4.124 1.0 

mB 4.6 6 4.7 + 0.56 6.1 5 6.6 + 1.71 

R. A. 4.7 6 4.6 + 0.58 8.2 5 8.4 + 0.99 

G. E. 4.0 4 4.5 + 0.36 5.7 7 5.9 + 1.12 

| R. M. 3.5 |) 7 434039 28) 5 3.9 + 0.48 
| Ww.w. 5.4 12 4.6 + 0.35 6.5 12 7.6 + 1.06 
A. M. 4.7 9 4.1 + 0.50 0.4 1 3.4 + 1.62 

E. B.t 4.6 il 4.5 + 0.31 8.0 | 13 13.0 + 2.83 

| 5.6 5.1 + 0.31 6.9 ll 7.2241.17 

M. V. 4.3 10 4.5 + 0.27 8.3 | ll 8.6 + 1.60 


* Average of 2 values. 
t Febrile throughout the study. 


TABLE 2 
Serum AND Urine Sopium Potasstum In Two TuBERCULOUS SUBJECTS WITH 
HYPONATREMIA DURING PAS 


PATIENT G. E. PATIENT A. M. 
| WEEK Serum Urine Serum Urine 
(mEq. per L. (gm. per 24 hours) (mEq. per L.) (gm. per 24 hours) 
Na K Na | K Na | K Na K 
3° 133.5 4.0 18.5 §.7 124.4 4.7 5.9 0.4 
2° 133.5 1 17.6 5.6 124.5 _ 8.1 _ 
3 133.1 _ 9.9 6.7 _ — 9.6 0.9 
4 136.4 _ 18.0 5.8 115.3 4.5 15.8 0.8 
5 126.6 — 11.5 4.8 124.0 4.7 16.4 1.3 
6 _ — 17.6 6.9 133.5 4.6 15.3 | 3.5 
7 141.3 4.0 19.7 7.5 125.60 4.3 21.0 3.4 
8 132.6 3.5 15.3 2.9 
9 150.8 4.7 9.9 §.2 — - 16.5 3.6 
10 150.8 4.7 12.§ 4.6 127.7 4.3 16.5 6 
ll 152.2 — 104.6 3.7 13.2 5.5 
12 153.5 4.7 122.3 4.0 15.8 3.2 
13 15.7 5.3 
14 142.7 3.7 12.0 5.8 


* Controls. 


and urine sodium levels were not significantly different prior to and during 
PAS therapy. The increased urine sodium excretion by all subjects during PAS 
therapy was accounted for by the additional 4 gm. of sodium present as the 
sodium salt of PAS (table 3). 
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4 


HYPOPOTASSEMIA AND HYPONATREMIA IN PULMONARY TUBERCULOSIS 359 


The unusual development of a potassium deficiency in 2 patients during 
treatment with streptomycin and PAS was not included in the above study. No 
diarrhea was present. 


Case Reports 


Case R. B. The patient was a 50-year-old white male clerk who was admitted on February 
3, 1951, because of myalgia, fever, headache, and blurred vision of two weeks’ duration. 
From December, 1950, he had noted difficulty in coordinating movements of the left hand, 
inability to recall recent events, and difficulty in mental concentration. He had previously 
been hospitalized from September, 1945, to September, 1948, for treatment of pulmonary 
and genital tuberculosis and his disease was considered inactive at the time of discharge. 

Pertinent physical findings were a temperature of 102°F., blood pressure of 105 systolic, 
70 diastolic in mm. of mercury, slight neck rigidity, and increased reflexes in the left upper 


TABLE 3 
Mean Serum AND Urine Sopicm TEN Patients Recetvinc PAS ror 
TUBERCULOSIS 


SERUM SODIUM URINE SODIUM 


PATIENT — j 
IN During in | 
per L.) H ; (mEq. per L.) hours) (gm. per 24 hours) 


143.2 
145.2 
150.3 
143.1 
148.2 
150.1 
125.4 


144.2 
147. 


E. 


| 


A 
A 
. M. 
M 


“oOo 


E. B. 
J. R. 
M. V. 


1 

2 

1 
3. 
1.5 
1 

3 

1 

1 

1 


We 


Om & 
| SS 


* Average of two values. 


and lower extremities. The hemogram was not remarkable except for an erythrocyte sedi- 
mentation rate of 39 mm. in one hour (Westergren). Urinalysis showed 1 plus albumin and 
45 to 50 leukocytes per high-powered field. A serologic test for syphilis (Kahn) was negative. 
A roentgenogram of the chest revealed a right thoracoplasty with a diffuse reticular infil- 
trate in the left hilar area. Spinal tap showed slightly increased pressure. The cerebrospinal 
fluid contained 396 cells per cu. mm., of which 46 per cent were polymorphonuclear leuko- 
cytes, and 54 per cent lymphocytes; a total protein of 96 mg. per 100 ml.; sugar concentra- 
tion of 28 mg. per 100 ml.; and chlorides, 117 mg. per 100 ml. Tubercle bacilli were cultured 
from the cerebrospinal fluid and urine. 

Treatment consisted of bed rest; streptomycin, 1 gm. per day; oral PAS, 12 gm. per day; 
and intrathecal streptomycin, 50 mg. three times per week. Two months after admission 
the patient began to complain of nausea and gastric distress after taking PAS, with resultant 
anorexia which decreased his dietary intake to less than half his usual intake. Despite ef- 
forts to adjust dosage and palatability of the PAS, the symptoms progressed, and on April 
30, 1951, he was noted to have marked muscle weakness, lethargy, extreme fatigue, and 
fever. Physical examination was not significant except for dehydration and a blood pres- 
sure of 90 systolic and 50 diastolic, and the patient was thought to have Addison’s dis- 


| 
I 
R 144 
G 133 : 
R 121 
W 149 
A 124 
144 
139 
145 
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ease. Electrolyte studies on May 1, 1951, revealed a serum sodium of 137 mEq. per liter, 
potassium 2.58 mEq. per liter, chlorides 94.4 mEq. per liter, CO, 28 mEq. per liter, and 
a fasting glucose of 100 mg. per 100 ml. 

Because of hypopotassemia, the patient was started on 2 gm. potassium chloride orally 
every four hours. Oral PAS was temporarily discontinued and PAS was given subcutane- 
ously as a 1 per cent solution. The clinical response was remarkable, with a rapid disap- 
pearance of the symptoms within twelve hours. Electrocardiographic studies remained 
normal throughout. Subsequent electrolyte studies were noted (table 4). 


Case C. M. The patient was a 53-year-old white male laborer who was admitted on May 5, 


1950, with symptoms of dyspnea, orthopnea, cough, and swelling of the abdomen and 
lower extremities of two months’ duration. Previous history indicated that he had developed 


TABLE 4 


BUN 


Na K CO: a | 
uEo. vee L.) (mEq. pee L.) (mEq. pee L.) (mEq. pee L.) | pee 100 cc.) 
5/1 137.0 2.6 28.0 94.4 30 
5/2 143.1 2.4 27.9 100.5 20 
5/7 _ 3.9 26.6 100.5 9.5 
5/24 133.9 4.9 27.5 101.2 10 
6/19 138.3 4.3 26.1 100.0 = 
TABLE 5 
Osservep Serum Evecrro.ytes 
pare Na(uEg.perL.) | K (wEe. per L.) Cl (wE@. per L ) 

4/24 126.1 2.4 — 

4/25 123.9 | 3.0 68.7 

4/27 130.5 4.1 80.7 

5/4 141.3 4.5 90.3 

5/23 137.0 4.7 99.5 

6/28 141.3 4.4 


111.2 
achronic right otitis media since December, 1948, and a swelling of the right scrotal contents 
in February, 1950. 

Physical examination revealed a chronically ill male with distended neck veins, a chronic 
right otitis media, dullness over the left lung base with rales, a markedly enlarged area of 
cardiac dullness with distant heart tones, and a paradoxical pulse. The abdomen was dis- 
tended with tenderness in the right upper quadrant and a palpable fluid wave. The right 
epididymis was enlarged, firm, and tender. There was pitting edema of both legs. 

Vital capacity was 1.2 liters; venous pressure, 25 cm. of saline; and circulation time (arm 
to tongue) was 35 seconds with decholin. Hemogram and urinalysis were normal, and a sero- 
logic test for syphilis (Kahn) was negative. Roentgenograms of the chest revealed a left 
pleural effusion and greatly enlarged cardiac shadow. 

The diagnosis of tuberculous pericarditis was confirmed by aspiration. Tubercle bacilli 
were cultured from the pericardial fluid and right ear. Treatment consisted of bed rest, 1 
gm. of streptomycin per day, 12 gm. of oral PAS daily, and repeated pericardial aspirations 
to relieve tamponade. Despite slow improvement, the pericarditis became constrictive 
and pericardiectomy was done on March 28, 1951, under local anesthesia. The postoperative 


| 
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course was remarkably uncomplicated but the patient subsequently noted difficulty in 
tolerating oral PAS, with associated nausea, anorexia, and marked reduction in the dietary 
intake. During the period of April 15 to 24, 1951, muscle weakness, listlessness, and mental 
confusion increased. Electrolyte studies on April 24, 1951, revealed a serum sodium of 126.1 
mEq. per liter and potassium of 2.4 mEq. per liter. He was given 2 gm. of potassium chloride 
orally every four hours and intravenous saline, with marked improvement in his mental 
state and muscular weakness. No electrocardiographic abnormalities attributable to hypo- 
potassemia were detected during this episode. The electrolyte studies indicated the rapid 
reversal of his hyponatremia and hypopotassemia (tuble 5). 


DISCUSSION 


A potassium deficiency may be associated with (a) an inadequate dietary in- 
take (3), (b) an increased loss in the gastrointestinal or genitourinary tracts 
(4, 6, 7), (c) overtreatment with drugs (5), or (d) metabolic states (8, 9). 

The usual complication of a potassium deficiency associated with oral PAS 
therapy may be related to an increased excretion of potassium and to a dietary 
insufficiency or both. The normal adult daily ingests and excretes 3 to 4 gm. of 
potassium (75 to 100 mEq.) (10, 11). Fasting adults receiving water may excrete 
1 to 3 gm. (25 to 75 mEq.) of potassium per day (12, 13). The present study did 
not reveal an increased excretion of potassium in the urine of those patients 
taking PAS and on an adequate dietary intake. Oral PAS in doses of more than 
8 gm. per day frequently will cause gastric irritation with resultant nausea, 
vomiting, and anorexia leading to an inadequate dietary intake. The continued 
renal excretion of potassium despite a markedly diminished exogenous potassium 
intake may well account for the potassium deficiency observed in the 2 cases here 
reported as well as in previous studies (1, 2). Nevertheless, a potassium deficiency 
may be secondary to oral PAS irritation on the gastrointestinal tract without 
apparent diarrhea. 

A sodium deficiency in patients with active pulmonary tuberculosis has been 
described by Winkler and Crankshaw (14), Westover and associates (15), and 
Sims and co-workers (16). The hyponatremia found in 3 patients in the present 
series may be secondary to severe disease associated with malnutrition and is not 
associated with PAS therapy. Two patients, G. E. and A. M., were unable to 
correct the serum sodium to normal for five to twelve weeks, respectively, al- 
though they continued to excrete 9 to 19 gm. of sodium in the urine per day. Only 
after clinical improvement did the serum sodium gradually return to normal. A 
disturbed renal electrolyte control in primary non-renal disease (17) or a chronic 
reduction of cellular osmolarity (16), or both, may be the primary deficit. 


SUMMARY 


A study of serum and urine sodium and potassium prior to and during oral 
para-aminosalicylic therapy in 10 patients indicated no significant difference in 
the values in the two periods. Ingested PAS intrinsically has no apparent effect 
upon sodium or potassium balance. The effects of oral PAS influencing the dietary 
intake or gastrointestinal irritation without apparent diarrhea, or both, may ac- 
count for the hypopotassemia and related clinical signs and symptoms observed 


| — 
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in the 2 cases presented in this study. Both responded quickly and effectively to 
replacement with oral potassium as potassium chloride. Three cases of hypo- 
natremia occurring during active pulmonary tuberculosis were noted and electro- 
lyte studies are reported revealing the slow return to normal values with clinical 
improvement. 


SUMARIO 
Hipopotasemia e Hiponatremia en la Tuberculosis Pulmonar Durante el Tratamiento 


E] estudio del sodio y del potasio en el suero y en la orina de 10 enfermos antes y después 
de la terapéutica oral con dcido para-aminosalicilico (PAS) no indicé mayor diferencia. El 
PAS ingerido no ejerce intrinsecamente efecto aparente sobre el equilibrio del sodio y del 
potasio. Los efectos del PAS por via oral, ya afectando la ingestién dietética o produciendo 
irritacién gastrointestinal sin diarrea manifiesta, pueden explicar la hipopotasemia y 
signos y sintomas afines observados en los 2 casos presentados en este estudio. Ambos res- 
pondieron rapida y eficazmente a la substitucién oral del potasio en forma de cloruro po- 
tésico. Se notaron 3 casos de hiponatremia sobrevenida durante la tuberculosis pulmonar 
activa, vy los estudios de los electrolitos revelaron un retorno lento a cifras normales al 
ocurrir mejoria clinica. 


RESUME 
Hypopotassémie et hyponatrémie au cours du traitement de la tuberculose pulmonaire 


Une étude du sodium et du potassium sérique et urinaire effectuée chez 10 malades, 
avant et pendant le traitement oral par l’acide para-aminosalicylique (PAS), n’a permis 
d’observer aucune différence. Le PAS ingéré n’a pas d’action apparente propre sur |’équi- 
libre du sodium et du potassium. Les effets du PAS oral, par son action sur |’apport ali- 
mentaire ou par l’irritation gastro-intestinale qu’il provoque, sans phénoménes diarrhéiques 
apparents, ou par ces deux actions, peuvent expliquer l’hypopotassémie et les signes cli- 
niques relatés, ainsi que les symptémes observés dans les deux cas présentés dans cette étude. 
Tous les deux ont réagi rapidement et efficacement A la thérapeutique de remplacement 
par le potassium oral, sous la forme de chlorure de potassium. II a été observé 3 cas d’hypo- 
natrémie au cours de la tuberculose pulmonaire en activité et l’étude des électrolytes, 
qui est rapportée, montre le retour lent aux valeurs normales en méme temps que |’amé- 
lioration clinique. 
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INTRODUCTION 


There are a number of findings and symptoms in pulmonary tuberculosis sug- 
gestive of adrenocortical hypofunction. Hypochloremia, hyponatremia, favorable 
response to adrenal cortical extract, decreased ability to produce a normal water 
diuresis, gastrointestinal upsets, debilitation, and anorexia are not infrequent 
findings or have been described in occasional instances. A paradoxical situation 
exists in that approximately 50 per cent of patients with Addison's disease show 
tuberculosis of the adrenal gland and yet Addison’s disease itself is rarely seen in 
a tuberculosis hospital. Similar examples are tuberculosis of the eye and of the 
skin where reactivation of a dormant foci of infection in an organ may occur fol- 
lowing lymphogenous or hematogenous spread from the original primary foci. 


Review of Literature 


Aronson (1), in autopsies of 579 persons who died in army hospitals from 1941 to 1945 
of acute progressive tuberculosis (average of 5.8 months from diagnosis to death), found 
that 25.3 per cent showed tuberculosis of the adrenal gland. A high percentage (36.9 per 
cent) had tuberculous meningitis; and, in 408 of the 579 cases, generalized miliary tuber- 
culosis was present. In a recent report on 500 autopsies of sanatorium patients who died 
of pulmonary tuberculosis, Davenport and Greenleaf (2) found that 14 per cent showed 
tuberculosis of the adrenal glands, but stated that “the involvement was not extensive.” 

In fifteen years of exclusive sanatorium practice, Bronfin and Guttman (3) encoun- 
tered in approximately 4,500 patients with pulmonary tuberculosis only 2 cases of Addi- 
son’s disease due to tuberculosis of the adrenal gland. They quote Minor (4) as not ob- 
serving a single case in a period of thirty-five years. In the present writers’ sanatorium 
no case has been diagnosed in more than 10,000 admissions. 

In 1940, Thorn and his group (5) studied electrolyte changes in pulmonary tuber- 
culosis, with particular reference to the adrenal cortical function. They noted that: 


patients with pulmonary tuberculosis and extensive nontuberculous pulmonary disease 
were observed to have a striking decrease in serum chloride concentration which paralleled 
the reduction in vital capacity. 


Recently, Kolmer and his associates (6) studied 92 pulmonary tuberculosis patients 
and noted a significant decrease in both chlorides and total base concentration in the 
serum but a normal carbon dioxide and pH. They noted no striking relationship between 
degree of tuberculous involvement and the level of “acid-base condition,” but did note 
that those patients with higher degrees of fever had the lowest levels of serum chloride 
and total base. Sims and his associates (7) studied 10 tuberculous patients with hypo- 
natremia, all with far advanced tuberculous lesions. The adrenal glands were normal 
in 6 patients who were examined post mortem. The Thorn test was done on 6 patients 
and was found to be normal. 


! From the Medical Service of Mississippi State Sanatorium, Sanatorium, Mississippi- 
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Casas and Aguiar (8) performed the Robinson-Kepler-Power (R-K-P) test for adrenal 
insufficiency on 32 patients with pulmonary tuberculosis and 13 showed a positive test. 
They treated the positive patients with Percorten and Corticon, and the R-K-P test re- 
turned to normal in all but one case. In 1949, Cheney (9) successfully treated a patient 
with pulmonary tuberculosis who developed Addison’s disease with eschatin and strepto- 
mycin. 

Numerous articles appeared in the older literature of pulmonary tuberculosis on the 
diagnostic and prognostic significance of hypotension. Stivelman (10) quotes Marfan, 
considered to be the earliest to study the problem, as saying 97 per cent of all tuberculous 
patients had hypotension. Fishberg (11) stated “it has been found that a low blood- 
pressure is an almost constant characteristic of the very early stage of phthisis.” Mor- 
lock and Horton (12) reported on blood pressures of 346 patients with proved tuberculosis 
of the kidneys and found that 76 per cent had normal blood pressure. Masten (13), in 230 
cases, concluded that the average blood pressure was normal but that hypotension, pres- 
ent on admission to the hospital, which did not improve with treatment was associated 
with a poor prognosis. 


With the recent advent of adrenocortical hormones, eosinophils have assumed 
a very important role. When 25 mg. of adrenocorticotropin (14) are adminis- 
tered intramuscularly (Thorn test), the eosinophils in a patient with normal 
adrenal glands drop 50 per cent or more in a four-hour period from their normal 
circulating level of approximately 200 cells per cu. mm. by direct count. This is 
considered to be the result of increased output of the 11-17 oxysteroids of which 
cortisone is a prototype. Instead of using adrenocorticotropin, 0.3 cc. of epineph- 


rine (1:1,000) (15) may be used. As epinephrine is mediated through the pitui- 
tary gland, this is a test of both pituitary function and adrenal cortical reserve. 

With the above brief review of the literature in mind, it was decided first to 
see if tuberculous patients in this hospital showed hypotension. Moreover, as the 
eosinophile test represented a simple inexpensive test for adrenal cortical func- 
tion, it was decided to apply this test to the population of a large tuberculosis 
sanatorium to determine if any correlation existed between adrenal cortical re- 
serve and active pulmonary tuberculosis. 


METHODS 


All patients had pulmonary tuberculosis proved bacteriologically by smear or 
culture. All of the patients were white, and all the various regimens of therapy 
for tuberculosis were in effect. With few exceptions, the group studied for blood 
pressure and those receiving the Thorn test are identical. 


Blood Pressure 


The pressures were all taken with the patient lying in bed during the regular afternoon 
rest hour. The pressures were all taken on the right arm with the same Tyco sphymomanom- 
eter for three consecutive days, and an average was made of the results on 229 cases (table 1). 


Thorn Test 


The patients were instructed to take no food or liquids (except water) by mouth, and 
parenteral medications were withheld from midnight prior to the test until after the test 
was completed at noon of the next day. At 7:30 a.m. the blood was taken from the finger 
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directly into a leukocyte pipette, using the method of Pilot (16); this was shaken gently 
for thirty seconds. Then 0.3 mg. of epinephrine was injected subcutaneously and another 
specimen of blood taken four hours later directly into a leukocyte pipette. Previous ex- 
periments with this diluting fluid showed that the cells reached maximal number in thirty 
to sixty minutes and remained stable three to five hours. The counts were made within one 
or two hours in a hemacytometer; two chambers were counted and an average made of the 


results. 
TABLE 1 
BiLoop Pressure DETERMINATIONS IN PULMONARY TUBERCULOSIS 
MINIMAL MODERATELY ADVANCED FAR ADVANCED 
Systolic | Diastolic Systolic Diastolic Systolic Diastolic 
By Sex 
Female 115 74 122 79 118 79 
Range 123-101 74-65 186-100 95-61 165-80 
Number of cases 12 47 i 
Male 128 79 125 80 116 78 
Range 134-123 88-77 157-102 | 97-68 157-94 89-73 
Number of cases 4 39 67 
Average 118 75 123 80 117 79 
Range 134-101 8865 186-100 95-61 165-80 107-58 
Number of cases 16 S6 127 
By Age 
13 to 20 years 121 77 120 76 119 78 
Range 134-108 = 88-68 133-108 77-70 148-94 105-75 
Number of cases a) 5 9 
21 to 40 years 116 75 122 7s 119 79 
Range 128-106 80-75 157-100 97-61 165-94 107-73 
Number of cases 6 58 6S 
41 to 65 vears 101 65 127 81 118 79 
Range 186-102 95-68 159-91 113-58 
Number of cases 1 23 OD 
RESULTS 
Blood Pressure 


Eighty-seven per cent of the patients had a systolic pressure between 100 
and 140 in mm. of mercury. Five per cent had systolic pressures of 100 mm. or 
below and 8 per cent had systolic pressures above 140 mm. Nineteen of the 229 
patients died within the year after the pressures were taken, 4 of whom had a 
systolic pressure of 100 mm. or below. Of the number who died, one was in the 
13- to 20-year age group; her blood pressure was 94 systolic and 75 diastolic 
in mm. of mercury. In the 21- to 40-year age group, 8 died with an average pres- 
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sure of 110 systolic and 77 diastolic and a range of 121 systolic and 79 diastolic 
to 101 systolic and 71 diastolic in mm. of mercury. In the 41- to 65-year age 
group, 10 died with an average pressure of 110 systolic and 70 diastolic and a 
range of 157 systolic and 89 diastolic to 91 systolic and 58 diastolic in mm. of 
mercury. 


Thorn Test 


It was the original intention to do the Thorn test on patients who showed 
hypotension; however, since the tuberculous patients did not have hypotension, 
it was decided to do the less expensive epinephrine test on all ward patients. 

The average fasting count was 227 circulating eosinophils per cu. mm. (table 
2). There appeared to be no significant difference in the fasting count as related 


TABLE 2 
Tuorn Test In PULMONARY TUBERCULOSIS 


! 
RS 
or| Fasting [FOUR HOURS) 
CASES COUNT DROP 
ont NEPHRINE 


Minimal 16 218 | | 71 
Moderately advanced 86 250 69 
Far advanced 135 213 


227 


CLASSIFICATION 


Average 237 


Repeat cases done without prior knowledge of 

patient (all having previously shown less than 

50 per cent drop) g 238 87 
Patients with temperature above 99°F. , 48 
Patients with systolic blood pressure 100 mm. or 

below 98 


to the stage of disease. The percentage drop averaged 71, which is the usual re- 
sponse. Seventy-one cases failed to show the 50 per eent or more drop in circulat- 
ing eosinophils after epinephrine stimulation. Many patients were unusually 
apprehensive about the test, even to the extent of gross tremors before epineph- 
rine was administered. Due to this emotional element, the tests were repeated 
without prior knowledge by the patient and 62 of 69 were normal; 2 of the 71 
patients refused to allow a second test. The percentage drop was 63, including 
those who did not have an adequate response. 

Fever: Twenty-four cases had fever of 99°F. or more. These patients showed 
fasting counts of 173 eosinophils in contrast to 227 for the entire group, but the 
average percentage drop was 72 per cent. The least percentage drop occurred in 
15 patients who had a systolic pressure of 100 mm. or less; their fasting count 
being 230 cells with 98 cells four hours later for a drop of 57 per cent. 

Antimicrobial therapy: Forty-four patients were receiving dihydrostreptomy- 
cin on a regimen of 1 gm. every third day and para-aminosalicylic acid daily, 


— 
63 
72 
57 
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and at the time of this test had had varying amounts of dihydrostreptomycin up 
to a total dosage of 40 gm. Although eosinophilia has been described in patients 
on streptomycin therapy (17), the average fasting eosinophile count of these 
patients on dihydrostreptomycin was 216 compared with 227 cells for all pa- 
tients. With eosinophilia arbitrarily designated as the presence of 500 or more 
cells, only 20 of 237 patients showed a fasting count above this level. Of the 44 
patients receiving dihydrostreptomycin, 4 had eosinophilia. Each of these 4 
had had at least 35 gm. of dihydrostreptomycin. The highest eosinophile count 
was in a patient not receiving dihydrostreptomycin (1,265 cells per cu. mm.). 


1204 PATIENT: 45-YEAR-OLD WHITE MALE 
DIAGNOSIS: FAR ADVANCED 
PULMONARY TUBERCULOSIS 
PROGRESSIVE 
100 

‘ 


EOSINOPHILS PER CU.MM. 
° 


20- 


DAYS 
Fic. 1, Fasting eosinophile counts in a terminal case of pulmonary tuberculosis 


Terminal illness: Five patients with progressive tuberculosis were followed with 

fasting counts for varying periods up to death. On basis of the last test before 
death, one had no circulating eosinophils at all on the day of death, 2 others had 
zero and six cells the day prior to death, and the other 2 had eleven and zero 
cells three and four days, respectively, before death (figure 1). 

Surgical procedures: Several patients were followed while undergoing thoraco- 
plasty and showed a normal eosinophile response (18) with a reduction to five 
cells or less several hours after surgery and a gradual return to normal within 
two to three days postoperatively (figure 2). Similar curves were obtained for 
subjects undergoing delivery, extrapleural plombage, and surgery for intestinal 
obstruction. At the time of the third-stage thoracoplasty, done within four weeks 


of the first, patients showed a similar response but required four to five days for 
the eosinophile count to return to normal. 


“ 
| 
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Entire series: In this series of 237 patients, 228 persons responded with a de- 
crease in the eosinophile count by 50 per cent or more to a dose of 0.3 mg. of 
1:1,000 epinephrine in the four-hour test period. This includes the results in 62 
patients on whom the test was repeated. Seven subjects demonstrated poor 
response even to the second test dose. Two patients refused a second injection of 
epinephrine. One of these 2 had an initial fasting count of zero (which was re- 
peated with similar results on several occasions), and so may be considered to 
have had adequate function even though she died shortly thereafter. The 7 
who had a poor response after two tests were given part I of the Robinson- 
Kepler-Power test, and all but one showed a normal water diuresis. 


240- PATIENT: 48-YEAR-OLD WHITE MALE 
DIAGNOSIS: MODERATELY ADVANCED 


220- PULMONARY TUBERCULOSIS / 
OPERATION: FIRST-STAGE THORACOPLASTY 
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Fig. 2. Fasting eosinophile response following surgery in a case of pulmonary tuberculosis 


DISCUSSION 


Hypochloremia, hyponatremia, favorable response to adrenal cortical extract, 
decreased ability to produce a normal water diuresis, gastrointestinal upsets, 
debilitation, and anorexia are findings which have been described in pulmonary 
tuberculosis. The relation of these findings to possible hypoadrenocortical re- 
serve in tuberculosis has been discussed in a review of the literature. 

Blood pressure observations were done on 229 cases of pulmonary tuberculosis. 
The pressures were not obtained in order to aid prognosis or to study blood pres- 
sure per se in tuberculous patients. Nevertheless, the findings in this limited 
number of cases suggest that the average patient with pulmonary tuberculosis 
does not have hypotension in any stage of the disease. In those patients who do 
have a systolic blood pressure of 100 mm. or below, however, the prognosis is 
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not as good as in those with pressures above 100 mm. systolic. These findings 
are somewhat similar to those of Masten (13). 

The Thorn test was carried out on 237 patients, with only 9 patients failing to 
show a 50 per cent or more decrease in circulating eosinophils. Two patients re- 
fused another test; a repeat test on the remaining 7 patients continued to show 
low adrenal cortical reserve, but 6 of the 7 patients were able to produce a normal 
water diuresis to part I of the Robinson-Kepler-Power test. 

Some patients developed sufficient so-called stress when informed in advance 
of the Thorn test to invalidate the results. Recant and his associates (15) de- 
scribe a similar situation in rats where the mere taking of blood from the tail 
without further stimulation causes an average drop of 78 per cent in circulating 
eosinophils. These investigators further state that “the demonstration of a 
relative refractoriness of the eosinopenic response to epinephrine with a normal 
response to cortical extract at this time suggests that a time lag exists between 
hormonal discharge and resynthesis.’”’ In other words, the patients, through ten- 
sion and fright (alarm reaction), were producing their own self-induced Thorn 
test. A repeat test without prior knowledge by the patient showed normal adre- 
nocortical reserve in 62 of 69 patients. 

Contrary to some reports of eosinophilia (by differential count) in patients 
receiving streptomycin, only 4 of 44 patients in this series receiving dihydro- 
streptomycin showed an eosinophilia, using the direct eosinophile count. This 
difference may possibly be explained by the use of dihydrostreptomycin or on 
the basis of intermittent instead of daily therapy. 

Five patients were followed with fasting eosinophile counts for varying periods 
up to the day of death. On the basis of the last test before death, the highest 
count was 17 eosinophils per cu. mm. and the lowest was zero. Forsham and 
Thorn (19) believe that ‘the finding of fewer than 50 eosinophils per cu. mm. of 
blood rules out the diagnosis of primary adrenal cortical insufficiency.”’ 

Tuberculous patients show a normal eosinophile response to the stimulus of 
surgical procedures. 


SUMMARY 


Blood pressure observations on 229 tuberculous patients under resting condi- 
tions for three consecutive days showed a normal range in 87 per cent of the cases. 

The Thorn test was carried out on 237 patients. Seventy-one patients failed to 
show a 50 per cent or more decrease in circulating eosinophils. A repeat test in 
69 of these 71 patients, without their prior knowledge, showed adequate adreno- 
cortical reserve in 62 patients. Of the remaining 7 patients, 6 were able to produce 
a normal water diuresis to part I of the Robinson-Kepler-Power test. 

Some patients developed sufficient stress, when informed in advance of the 
Thorn test, to invalidate the results. A repeat test, without informing the pa- 
tient in advance, showed normal adrenocortical reserve in 62 of 69 patients. 

Tuberculous patients show a normal eosinophile response to the stimulus of 
surgical procedures. 

On the basis of these results, it is believed that the average case of pulmonary 
tuberculosis had adequate adrenocortical reserve. 


\ 
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ADRENOCORTICAL FUNCTION IN PULMONARY TUBERCULOSIS 


SUMARIO 
La Funcién Adrenocortical en la Tuberculosis Pulmonar 


Las observaciones de la tensién sanguinea en 229 tuberculosos en estado de reposo du- 
rante tres dias consecutivos revelaron cifras normales en 87 por ciento de los casos. 

En 237, se ejecuté la prueba de Thorn. De ellos, sédlo 71 dejaron de mostrar una disminu- 
cién de 50 por ciento o mas en los eosinéfilos en la circulacién. Otra prueba verificada en 69 
de dichos 71 enfermos, sin avisarlos de antemano, revelé adecuada reserva adrenocortical 
en 62. De los 7 restantes, 6 acusaron una hidrodiuresis normal en la Parte I de la prueba de 
Robinson-Kepler-Power. 

Algunos sujetos desplegaron suficiente tensién, al ser avisados de antemano que iba 2 
ejecutérseles la prueba de Thorn, para invalidar el resultado. Otra prueva, ejecutada sin’ 
poner sobre aviso al enfermo, mostré reserva adrenocortical normal en 62 de 69 enfermos. 

Los tuberculosos revelan una respuesta eosinofilica normal a la cirugia. 

A base de esos resultados, opinan los AA. que la mayoria de los casos de tuberculosis 
pulmonar poseen una reserva adrenocortical adecuada. 


RESUME 
Fonction cortico-surrénale dans la tuberculose pulmonaire 


Des observations sur la tension artérielle chez 229 tuberculeux, mis au repos pendant 
trois jours consécutifs, ont montré des valeurs normales dans 87 pour 100 des cas. 

Le test de Thorn a été effectué chez 237 malades. Chez 71 malades la réduction de 50% 
ou plus du nombre des éosinophiles de la circulation n’a pu étre décelée. La répétition du 
test effectuée chez 69 de ces 71 malades, et a leur insu, a montré une réserve adéquate de la 
fonction cortico-surrénale chez 62 malades. Parmi les 7 derniers malades, 6 ont été en me- 
sure de réagir par une diurése aqueuse normale A la premiére partie du test de Robinson- 
Kepler-Power. 

Le ‘‘stress’’ a été suffisamment marqué chez quelques malades ayant été informés d’a- 
vance du test de Thorn, pour en vicier les résultats. Un test renouvelé, sans que le patient 
en soit informé d’avance, a permis d’observer une réserve cortico-surrénale normale chez 
62 malades sur 69. 

Dans les cas chirurgicaux, le malade tuberculeux présente une réaction éosinophilique 
normale. 

Sur la base de ces résultats, les auteurs pensent que le cas moyen de tuberculose pulmo- 
naire dispose d’une réserve cortico-surrénale adéquate. 
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Case Reports 


DISTURBANCE IN CARBOHYDRATE METABOLISM ASSOCIATED WITH 
AMITHIOZONE THERAPY':? 


WILLIAM E. ESCOVITZ 
(Received for publication April 7, 1952) 


INTRODUCTION 


In the never-ending quest to find effective drugs for the treatment of tuberculosis, 
amithiozone has been extensively studied both in Europe and the United States (1). 
Because amithiozone or its derivatives may continue to be useful in streptomycin-resist- 
ant cases and also may have a primary use in those cases of tuberculosis in which it may 
be desired to preserve streptomycin activity for future use, it is natural to become con- 
cerned with all the manifestations of its toxicity. Among the manifestations of toxicity 
reported in the literature, no mention has been made regarding the effects of amithiozone 
on the latent diabetic or diabetic state except in a previous report of two cases by Skavlem 
(2). Two cases of pulmonary tuberculosis treated with amithiozone are presented, one 
showing the development of diabetes, the other showing aggravation of an otherwise 
well-controlled diabetes. 


CASE REPORTS 


Case 1. G. B. M. was a 32-year-old male farm laborer of Mexican lineage who has been hos- 
pitalized at Birmingham Veterans Administration Hospital and Long Beach Veterans Ad- 
ministration Hospital since December 27, 1949. He had far advanced bilateral fibro-exuda- 
tive pulmonary tuberculosis with bilateral cavitation. His sputum was persistently positive 
for M. tuberculosis, and he had tuberculous laryngitis. The past history and family history 
are not relevant except that the patient admittedly was a heavy drinker of alcoholic bev- 
erages for many years. His right arm was amputated because of a wound. Except for tu- 
berculous laryngitis, fever, and toxemia, the physical examination was not relevant. 
After one week of graduated increase in dosage, 100 mg. of amithiozone twice daily was 
begun on January 19, 1950, concomitantly with 1 gm. of streptomycin daily. Pneumoperi- 
toneum was started on March 8, 1950, and was continued to date. Streptomycin was dis- 
continued on May 17, 1950, but amithiozone was continued, 50 mg. twice daily until Novem- 
ber 20, 1950. By the end of the streptomycin course on May 17, 1950, the patient had become 
afebrile, gained twelve pounds, and most of the exudative element of his disease cleared; 
nevertheless, one large cavity remained in each lung. The laryngeal tuberculosis had healed. 
Clinically, no toxic effects were noted from either the streptomycin or the amithiozone. 
Serial bromsulfalein tests done between January 24 and May 10, 1950, gave results of 24 
per cent, 3 per cent, 20 per cent, 47 per cent, and 41 per cent retention of dye. Serial deter- 
minations of cephalin flocculation, thymol turbidity, van den Bergh, Congo red tests, 
blood urea nitrogen, serum albumin, and globulin yielded values which were essentially 


1 From the Pulmonary Disease Service, Veterans Administration Hospital, Long Beach, 


California. 

2 Reviewed by the Veterans Administration and published with the approval of the 
Chief Medical Director. The statements and conclusions published by the author are the 
result of his own study and do not necessarily reflect the opinion or policy of the Veterans 


Administration. 
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within normal limits throughout his hospitalization. Phenolsulfonphthalein tests showed 
moderate impairment of renal function throughout hospitalization. 

The urinalyses done before the beginning of streptomycin-amithiozone therapy showed 
normal findings. The blood sugar was not determined. With an onset March 20, 1950, how- 
ever, at which time the patient was on amithiozone therapy, there followed persistent glyco- 
suria (frequently 3 plus or 4 plus) without acetone. Fasting blood sugars as high as 166 mg. 
per 100 ce. of venous whole blood were obtained. There was occasionally mild albuminuria. 
At this point the possible causal relationship of the amithiozone therapy to the glycosuria 
and hyperglycemia was investigated and the possibility of an adrenal dysfunction was 
evaluated. In order to exclude the possibility of other reducing substances which may have 
formed in the metabolism of the amithiozone, fermentation studies and intravenous 
insulin studies were carried out which indicated that the glycosuria and hyperglycemia 
were due to glucose 


TABLE 1 
Laporatory Data tn Case 1 


COLUMN COLUMN 2 cotumn 3 
LABORATORY TESTS BEFORE REINSTITUTION AMITHIOZONE AFTER AMITHIOZONE 
OF AMITHIOZONE REINSTITUTED WAS DISCONTINUED 
Urine sugar daily Negative to ocea- 1+ for sugar; ace- Negative to occa- 
sional trace tone negative sional trace; ace- 


tone negative 
24-hour quantitative urine 


sugar Negative 6.5 gm. (0.5 per Negative 
cent) | 
Fasting blood sugar per’ 
100 ml. of whole blood 120 mg. 154 mg. 138 mg. 
24-hour uric acid excre- 
tion 33 mg. per 100 ml. 0.5 gm. per total | 48 mg. per 100 ml. 
or 0.7 gm. per volume of 1,600 or 0.63 gm. per 
total volume ml. total volume of 
1,310 ml. 
Uropepsin excretion 10 units per hour ‘7 units per hour 15 units per hour 
17-ketosteroid excretion 23 mg. per 24 hours; 9 mg. per 24 hours; 17 mg. per 24 hours; 


volume, 2,400 ml. volume, 1,360 ml. volume, 2,120 ml. 


After the amithiozone was discontinued on November 20, 1950, the patient’s diabetes 
showed moderate improvement. The urine sugar was estimated at 1 plus to 3 plus, and the 
fasting blood sugar dropped to 123 mg. per 100 ml. of whole blood. On January 3, 1951, the 
patient was placed on a 2,000-calorie diet which consisted of 205 gm. of carbohydrate, 90 
gm. of protein, and 95 gm. of fat. This diet was maintained throughout the study. Begin- 
ning January 7, 1951, the urine sugar, determined before breakfast and three hours after 
meals, varied from negative to an occasional trace; the blood sugars were approxi- 
mately 132 mg. per 100 ml. of whole blood. On October 18, 1951, the laboratory data were 
obtained and are shown in column 1, table 1. 

The patient was again placed on 100 mg. of amithiozone daily on November 20, 1951; 
by December 2, 1951, he again showed disturbance in carbohydrate metabolism with glyco- 
suria approximately 1 plus in four daily specimens; acetone was absent. Chemical data 
were then obtained on December 27, 1951, and are shown in column 2, table 1. 

On December 27, 1951, the amithiozone was again discontinued. By January 22, 1952, 
the diabetes had improved; the daily urine examinations were either negative or revealed 
an occasional trace of sugar without acetone. The laboratory findings obtained on January 
15, 1952, are shown in column 3, table 1. 
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Case 2. M. M. 8., admitted November 14, 1950, was a 46-year-old white male retired Navy 
communications man who had had diabetes mellitus since 1944. His diabetes was well con- 
trolled for more than a year prior to admission by 30 units of protamine zinc insulin daily 
and a 2,200-calorie diet which consisted of 221 gm. of carbohydrate, 88 gm. of protein, and 
105 gm. of fat. Pulmonary tuberculosis was diagnosed in October, 1949. Physical examina- 
tion was unrevealing. One brother had diabetes. The patient’s past history was not per- 
tinent except that he had been a heavy beer drinker for many years. The physical findings 
were not relevant. 

Pneumoperitoneum was started November 3, 1949, for far advanced fibro-exudative pul- 
monary tuberculosis with bilateral cavitation, and is being maintained to date. Concur- 
rently with the beginning of pneumoperitoneum, 1 gm. of streptomycin and an undeter- 
mined amount of PAS were given daily for 120 days. Left phrenic crushes were done in Feb- 
ruary and April, 1950. 


TABLE 2 
Laporatory Data tn 2 


COLUMN 1 COLUMN 2 coLumN 3 
LABORATORY TESTS BEFORE REINSTITUTION AMITHIOZONE AFTER AMITHIOZONE 
OF AMITHIOZONE REINSTITUTED WAS DISCONTINUED 


Urine sugar daily Negative 4+ for sugar; ace- | Negative to trace; 
tone negative acetone negative 
24-hour quantitative urine 
sugar Negative 27 gm. (0.75 per 7.0 gm. (0.25 per 
cent) cent) 


Fasting blood sugar per 
100 ml. of whole blood... 82 mg. | 194 mg. 138 mg. 


24-hour uric acid excre- 
tion oui 23 mg. per 100 ml. | 1.0 gm. per total 16 mg. per 100 ml. 
or 0.56 gm. per volume of 3,600 or 0.45 gm. per 
total volume of | ml. | total volume of 
2,420 ml. | 2,820 ml. 
Uropepsin excretion 90 units per hour | 107.2 units perhour| 41 units per hour 
17-ketosteroid excretion... 10 mg. per 24 hours; 18 mg. per 24 hours; | 10 mg. per 24 hours; 
volume, 1,950 volume, 3,425 volume, 3,100 ml. 


Bromsulfalein, cephalin flocculation, thymol turbidity, and blood urea tests were nor - 
mal. 

Urine samples throughout his hospitalization contained 1 plus to 2 plus sugar. On March 
22, 1951, the administration of 1 gm. of streptomycin every other day for ten doses and 
amithiozone, 100 mg. daily, was begun and by March 23, 1951, the urines became 3 plus 
and 4 plus. No acetone or albumin was present. Fasting blood sugars were 160 mg. per 100 
ml. The patient’s insulin requirement increased to 40 units of protamine zine insulin and 
15 units of regular insulin, and the diet was reduced to 2,000 calories in order to control 
him as before amithiozone therapy. 

On September 18, 1951, amithiozone was discontinued. On September 26, 1951, the pa- 
tient suffered a mild insulin reaction, at which time his fasting blood sugar was 76 mg. per 
100 ml. By October 19, 1951, the patient was again well controlled on 30 units of protamine 
zine insulin daily and a 2,000-calorie diet, both of which were maintained throughout the 
study. Urine examinations became negative for sugar, the fasting blood sugars were ap- 
proximately 138 mg. per 100 ml. Other laboratory findings are shown in column 1, table 2. 

On October 19, 1951, 100 mg. amithiozone daily was again started; by November 14, 1951, 
urine examinations became 4 plus for sugar but remained negative for acetone. The labora- 
tory data then obtained are shown in column 2, table 2. 


376 WILLIAM E. ESCOVITZ 


Amithiozone was stopped on November 20, 1951. By December 7, 1951, the urine exam- 
inations were either negative or revealed a trace of sugar without acetone. Other labora- 
tory reports at that time are indicated in column 3, table 2. 


COMMENT 


Two cases of pulmonary tuberculosis in which the patients showed demonstrable 
impairment of carbohydrate metabolism associated with prolonged administration of 
amithiozone are reported. It is believed that the impairment of carbohydrate metabolism 
noted in these two patients was directly associated with the effects of amithiozone be- 
cause one patient with no familial or personal history of diabetes developed diabetes, 
while the other patient with well-controlled diabetes had aggravation of the diabetic 
state. Both were well controlled on cessation of amithiozone therapy, became worse on 
reinstitution of amithiozone, and again became well controlled when the amithiozone was 
discontinued. 

That the glycosuria and hyperglycemia were due to glucose and not due to chemical 
compounds associated with the metabolism of amithiozone was proved by fermentation 
studies of the blood and urine and by noting a significant drop in blood sugar upon the 
injection of intravenous insulin in one patient. 

The mechanism whereby amithiozone produced impairment of carbohydrate metab- 
olism is not known. Moreover, although one patient had impaired liver and renal function 
even before the amithiozone was started, the other patient had normal liver and renal 
function throughout the study. Therefore, it may be surmised that neither organ was 
necessarily responsible for the glycosuria and hyperglycemia. Although exhaustive tests 
were not done, it is believed that the adrenals were not involved, since uric acid, 17- 
ketosteroid, and uropepsin excretion studies were not significantly changed in either case 
during the courses of amithiozone. 

Biinger (3) cites four cases of tuberculous meningitis treated with streptomycin, PAS, 
and amithiozone. These were associated with various endocrine disturbances, and two of 
them had disturbances of carbohydrate metabolism. It is his belief that the endocrine 
disturbances may have been associated with vascular processes resulting from the tuber- 
culous meningitis. In the two cases herein reported, however, it is believed that the dis- 
turbance in carbohydrate metabolism may have resulted from amithiozone therapy alone. 


SUMMARY 


Two cases of pulmonary tuberculosis in which the patients developed disturbance in 
carbohydrate metabolism under prolonged amithiozone therapy are reported. One de- 
veloped diabetes, and the other had an aggravation of his previously well-controlled 
diabetic state. 


SUMARIO 
Trastorno del Metabolismo Hidrocarbonado Enlazado con la Amitiozonoterapia 
En 2 tuberculosos pulmonares se presentaron trastornos del metabolismo hidrocarbo- 
nado durante un tratamiento prolongado con amitiozona. Uno manifesté diabetes y el otro 
experimenté una agravacién de un estado diabético previamente cohibido. 
RESUME 
Troubles du métabolisme des hydrates de carbone associés a la thérapie par l’ Amithiozone 


Deux malades atteints de tuberculose pulmonaire, qui ont présenté des troubles du mé- 
tabolisme des hydrates de carbone sous I’influence de la thérapie par |’amithiozone, sont 
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l'objet d’une communication. Un des malades a été affecté de diabéte et l’autre a subi une 
aggravation de son état diabétique, précédemment bien contrdlé. 
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Notes 


A STUDY OF CERTAIN AMINO ACIDS AS THEY MAY RELATE TO THE 
PROBLEM OF HOST RESISTANCE TO TUBERCULOSIS' 


It is possible that species and organ differences in host resistance and, to a lesser 
degree, perhaps individual variation in this respect may be attributable to the suitability 
of a given tissue as a culture medium for the microorganism under study. A knowledge of 
the chemical constituents of tissue would therefore be valuable from the standpoint of 
the possible presence of growth stimulators or inhibitors. Of interest also would be the 
variations induced by fasting, the injection of cortisone, and immunization with BCG, 
since each of these is known to play a role in resistance to infection. The influence of actual 
infection on tissue composition would also be important. 

The choice, from the infinite number present, of the particular tissue constituents for 
which analyses should be carried out was difficult. The availability of adequate analytical 
methods became the primary consideration. In view of the fact that antibodies are nitrog- 
enous substances and that there is evidence that certain amino acids have an inhibitory 
effect upon the growth of tubercle bacilli in vitro®.*, total nitrogen and amino nitrogen 
were included. Since hydroxy amino acids may be of importance in antibody formation‘ 
and contain the same active chemical groups as the known tuberculostatic compound, 
para-aminosalicylic acid, the determination of the beta-hydroxy-alpha-amino acid frac- 
tion of tissue filtrates was attempted. This was done with the realization that the analyti- 
cal procedure employed left much to be desired from the standpoint of specificity. 

In order to obtain representatives of varying degrees of resistance in both animal 
species and organs, analyses were carried out on lungs, livers, and spleens from guinea 
pigs, rabbits, and rats. Organs were removed immediately following the death of the 
animal, blotted on paper towels, and weighed. Tungstic acid filtrates were prepared by 
homogenization in Ten Broeck tissue grinders, quantitative transfer to a glass-stoppered 
graduated cylinder, and dilution to a suitable volume. Duplicate analyses were carried 
out on aliquots of the protein-free filtrate, for total nitrogen by micro-Kjeldahl, for 
amino nitrogen by the method of Frame, Russell, and Wilhelmi’, and for the beta-hydroxy- 
alpha-amino acid fraction by Boyd's micro modification® of the periodate method of 
Nicolet and Shinn. The removal of sugar preliminary to the latter procedure was accom- 
plished by the use of cupric sulfate and calcium hydroxide. 

The values obtained are listed in table 1. 

From statistical analyses of these data (comparison between two means) it appears 
that the most susceptible organ, the lung, had lower normal values for the constituents 
studied than did either the liver or spleen. Infection with human tubercle bacilli (H37Rv) 
lowered the values in the organs of all species. Injection of BCG intravenously raised the 


1 Supported by a grant from the Committee on Medical Research of the American 
Trudeau Society, Medical Section of the National Tuberculosis Association 
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NOTES 


values of amino and total nitrogen in organs of the guinea pig and rabbit. The beta- 
hydroxy amino acid fraction of all three organs of the guinea pig were elevated following 
BCG injection, as were the amino and total nitrogen values of the liver of the rabbit. 
Fasting lowered the beta-hydroxy-alpha-amino acid fraction and the amino nitrogen 
level of all three species. 

It is interesting that the most striking changes seen with cortisone treatment were 
observed in the spleens of rats, where there appeared to be a significant lowering of the 
beta-hydroxy-alpha-amino acid and amino nitrogen fractions. 


TABLE 1 
Mean Vatvues or 8-Hyproxy-Acpna-Amino Actps, AMINO NITROGEN, AND NONPROTEIN 
NITROGEN OF ORGANS OF DIFFERENT SPECIES 
MG. PER GM. OF FRESH TISSUE 


SPECIES NUMBER CONDITION ate Amino Nitrogen Nonprotein Nitrogen 


Liver Lung Spleen Liver| Lung Spleen Liver | Lung = Spleen 


Guinea Normal 7.14; .38 | .67 | .70)| .4 68 1.48 1.00, 1.82 
Fasting od 1.62 95 1.95 
Cortisone .48 6 1.43 .95 | 1.71 

BCG 3.26% .54° . 1.80* 1.19* 1.63 


Rabbit 16 Normal 9.07 . 1.41 91 1.49 
11 Fasting , .43 | .45° .53 | .46 : .95 | 1.52 
Cortisone 6 .81*| 1.94* 
Normal 
Fasting 
Cortisone : .33 | .33° .58 | .37 
BCG od .40 
* Statistically significant difference by method of comparison between two meansf. 


+ R.A. Fisher, Statistical Methods for Research Workers, ed. 8., Oliver & Boyd, London, 
1941, pp. 116-117. 


A direct relationship between host resistance and species differences in the tissue 
constituents discussed in this report is not necessarily to be anticipated. However, we 
should like to point out that such species differences do exist and it is quite possible that 
they may play a role in the ability of the animal to present a more or less favorable 
environment for the growth of the invading organism. 

It should be mentioned that the beta-hydroxy-alpha-amino acid fraction of the liver 
when calculated as serine accounts for more than 100 per cent of the amino nitrogen 
found. This indicates the presence of a non-nitrogenous substance not present in the 
other organs studied, which is being measured by the periodate method employed. We 
have not as yet identified this substance but we have been able to rule out glucose, glyco- 
gen, lactic acid, fructose-6 phosphate, fructose diphosphate, phosphoglyceric acid, and 
glucose-6 phosphate. 
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One might explain the finding of lowered values in the infected animals as a result of 
the poor nutritional state of the animals consequent on the infection. It is more difficult 
to offer an explanation for the elevation of beta-hydroxy-alpha-amino acid and amino 
nitrogen values which were observed following immunization of guinea pigs and rabbits 
with BCG. 

These findings cannot at the moment be related to the problem of native resistance 
of humans to tuberculosis infection. It is clear, however, that some humans react like 
guinea pigs and rapidly succumb to infection with human tubercle bacilli; others react 
like rabbits and are able to produce regressive lesions which go on to more or less complete 
healing; still others react like rats which, although they may harbor the organisms for 
many months, seldom show clinical evidence of infection and rarely succumb to the 
disease. One is reminded of individual differences in body chemistry pointed out by 
Williams’. 


Emory UNIVERSITY Greorce T. Lewrs* 

Emory University, Georoia HANKEY 
Foster ADAIR 

TupercuLosis Research LABORATORY Martin M. CumMines 


VETERANS ADMINISTRATION HosPITAL 
CHAMBLEE, GEORGIA 


February 11, 1952 


7 Williams, R. J.: Nutrition and Alcoholism, University of Oklahoma Press, Norman, 
Oklahoma, 1951. 

* Present address: Medical Research Foundation of Dade County, Inc., 1800 N. W. 
Tenth Avenue, Miami, Florida. 
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PROBLEM OF THE SO-CALLED “GOOD CHRONIC CASE”’ OF TUBERCULOSIS 


To the Editors of The American Review of Tuberculosis: 

I wish to comment on the report in the May, 1952, issue of the Revrew by the Com- 
mittee on Therapy of the American Trudeau Society regarding the problem of the so-called 
“good chronic” case of tuberculosis. While in general agreement with the statement of 
the problem and the recommendations for management, it is my opinion and that of a 
number of my colleagues that considerably more emphasis could have been placed upon 
the possible suitability of these patients for active therapy. In this connection I refer 
particularly to prolonged chemotherapy with streptomycin and PAS. In the past one 
and one-half years we have instituted therapy with prolonged streptomycin and PAS in 
fifteen “good chronic’’ cases. Of these, at the present time five have had sputum and 
gastric cultures negative for tubercle bacilli (averaging ten to twenty cultures) for one 
year or more, and four have had negative sputum and gastric cultures for six to twelve 
months. They have, in some instances, been associated with the disappearance of cavities 
previously of long standing. As yet none of the patients who still yield cultures positive 
for tubercle bacilli have been shown to have drug-resistant organisms. Despite this fact, 
two patients with large cavities and sputum persistently positive for tubercle bacilli at 
the end of one year of combined therapy are now being treated with streptomycin, PAS, 
and isoniazid in combination. 

It is our belief that every patient with active tuberculosis should, unless some contra- 
indication exists, be treated with streptomycin and PAS, with a possible two-year mini- 
mum in the most chronic type of case. We no longer believe that we can tell by the appear- 
ance upon the roentgenogram of long-standing unchanged caseocavitary and fibrotic 
disease that a patient is “unsuitable” or will not respond to chemotherapy. It is, of course, 
true that sputum cultures negative for tubercle bacilli for one or even two years do not 
constitute a “cure.” Nevertheless, it renders these patients noninfectious for prolonged 
periods of time and, if chemotherapy is continued on an outpatient basis after the first 
six to twelve months of negativity, may make beds available for more acute cases without 
at the same time exposing the contacts of these patients to infectious tuberculosis. It is 
quite possible that at a later date the development of relapses with drug-resistant organ- 
isms may lead to a reversal of this policy, but at the present time it would seem to be a 
hopeful method of attack, with, of course, the possibility of segmental resections in some 
few suitable cases being held out as a means toward eradication of the most resistant 
foci. 


VETERANS ADMINISTRATION CENTER Very truly yours, 
4100 W. Tuirp STREET Emit 
Dayton, 

May 14, 1952 


SURVIVAL OF BACILLI IN TUBERCULOUS LESIONS 
To the Editors of The American Review of Tuberculosis: 
As a pathologist I would like to record some comments relative to a discussion by 
Dubos which appeared in the Review, issue of May, 1952. The thoughts presented by 
381 
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Dubos are most provocative. However, they fail to record the relationship between 
tuberculous lesions and the numbers and distribution of bacilli. It is on this relationship 
that I wish to comment. 

In the experimental animal, bacilli commonly reproduce to considerable numbers up 
to the appearance of necrosis of the lesion. As the process of necrosis ages, bacilli become 
fewer in number until it becomes difficult to demonstrate any bacilli. It seems evident 
that lysis of bacilli in large numbers has taken place. However, it is the fate of bacilli 
which are not lysed that is most significant. Examination of necrotic lesions which are 
several months old reveal no bacilli in some and masses of bacilli in colony formation in 
others—far larger numbers of bacilli than had been observed at any previous date. 

Extensive studies of tuberculous lesions in human tissues show that bacilli are extremely 
difficult to demonstrate in histologic tubercles or in giant cells; that they are seldom found, 
and then usually singly, in either the peripheral portion of the necrotic zone or in the 
viable organizing tissue beyond it; that in unsloughed necrotic lesions bacilli may not be 
found in large portions, whereas in isolated and restricted areas deep within the necrotic 
tissue, masses of bacilli, sometimes in colony formations, may be found; and that bacilli 
are most irregularly distributed in “cavity walls”, with the largest number present in 
necrotic tissue that lays in the inner zone of the “wall” and that is totally devoid of 
viable cellular elements. In recent disseminated foci bacilli may or may not be numerous. 
This situation probably is related to the initial dosage of bacilli in the new foci. In no 
instance are they in masses or in colony formations such as one finds in old necrotic 
lesions. This most irregular distribution of bacilli in lesions is a common phenomenon. 
It seems evident that under unknown circumstances the bacilli can thrive in wholly ne- 
crotic tissue and to a much greater extent than in non-necrotic lesions. Also, it is evident 
that the necrotic lesion is the harborer of bacilli. 

In 1950 a study was undertaken at the Veterans Administration Hospital at Sunmount 
to determine the viability and pathogenicity of bacilli in necrotic lesions that were present 
in resected lung specimens. In a high percentage of closed necrotic lesions no growth 
occurred on artificial culture media and guinea pigs failed to show progressive disease, 
even if bacilli were very numerous in the material used. However, in material taken from 
open cavities, a high percentage of positive results was obtained. At present it appears 
that this situation relates primarily to the condition (chemical?) of the tuberculous 
focus. These results probably will lead to a considerable discussion of whether bacilli in 
closed necrotic lesions are dead or alive. 

I agree with Dubos that it may be most difficult at times to differentiate between “life” 
and “death” in bacteria. Also, I am in accord with his suggestion that new techniques will 
be required to solve the problem. I suggest that necrotic tuberculous lesions from persons 
who have had no chemotherapy should constitute the first material to be studied. 


Biggs Memoriat Respectfully yours, 
New York E. M. Mepiar 
May 14, 1952 


OXIDATION-REDUCTION DYES FOR THE DETERMINATION OF VIRULENCE OF 
MYCOBACTERIA IN VITRO 


To the Editors of The American Review of Tuberculosis: 

We have been very much interested by the communication of F. Jean Wilson, Cath- 
erine Kalish, and Charles Fish, in Toe American Review oF TUBERCULOSIS, issue of 
February, 1952, concerning the use of oxidation-reduction dyes for the determination of 
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virulence of Mycobacteria in vitro. We usually use the same test in our laboratory of 
Hospital Bichat. 

We have described in a publication of the Annales de l'Institut Pasteur (1950, 79, 210) 
the reactions of several strains of Mycobacteria to colored indicators of Rh, particularly 
methylene blue and indophenol blue. In agreement with Bloch, we have shown that the 
reduction power decreases with virulence. The virulent strains do not possess reducing 
power, the reduction rate increasing with the lowering of virulence. The BCG strain 
forms the transition between virulent Mycobacteria and the acid-fast saprophytes. 

We can admit that these are reactions to the result of powers of adsorption and that 
the lipids (mycolic acids) play an important part. 

It seems, however, hazardous not to take into account the activity of enzyme in the 
explanation of certain color reactions of Mycobacteria. Thus, studying the fixation and 
decoloration of a methylene blue solution by a Mycobacterium well adapted to this kind 
of reaction, Mycobacterium phlei, we could easily dissociate the phase of reduction from 
the phase of adsorption. 

Using the Thunberg tube, we could observe the following facts: 

1. During the first minute, a reaction of adsorption takes place, during which 
the microorganisms appear dark blue in the blue solution. The avirulent Fleole 
Bacterium and the virulent Mycobacterium tuberculosis are both colored in the 


same way. 

2. A second period of one and one-half minutes is a period of latency. 

3. Finally, the last phase, during one minute, leads to the loss of color of the 
solution if we deal with the avirulent Fleole Bacterium, but no discoloration occurs 
with the virulent Mycobacterium tuberculosis. In thirty minutes the blue of the 
liquid solution begins to fade and the avirulent germ is less blue. One and one- 


half minutes later the methylene blue solution is completely colorless. We have 
already shown (Compt. rend. Soc. de biol., 1952, in press) that the reaction of 
reduction follows the principal laws of enzymology: effect of pH (optimum, 6.5 
to 6.8), of heat (optimum, 37° C.), of inhibitors (alcohol 90°, phenol, ebullition, 
et cetera). 

If the bacteria suspension is first treated at 100° C. during ten minutes or at 70° C. 
during two hours, the adsorption of color upon the germs may be seen but the second 
reaction, decoloration, does not happen. 

All of these facts show the interest of the work of F. Jean Wilson, Catherine Kalish, 
and Charles Fish and particularly the great value of their “spot plate virulence test.” 
We are glad to thank these authors for precisions brought about by these tests. 


Sincerely, 
Hoprrau Bicwat, Paris DESBORDES 


LABORATOIRE DU SERVICE ETIENNE FourNIER 
pu Dr. JEAN PaRaF 


April 23, 1952 
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D1aGNostic AND EXPERIMENTAL METHODs IN TuBERCULOsIS. Second Edition. By Henry 
Stuart Willis and Martin Mare Cummings. Pp. 373, Charles C Thomas, Springfield, 
Illinois, 1952, Price, $10.00. 

As suggested by the title and as indicated in the preface, this book was written to ful- 
fill a twofold purpose. First, to give an adequate description and interpretation of the 
laboratory diagnostic procedures for tuberculosis; and, second, to outline procedures for 
experimental and investigative work. The authors have succeeded brilliantly in accom- 
plishing their first objective. There long has been a need for a volume which not only 
gathered together the laboratory diagnostic techniques, but which also adequately ex- 
plained the principles involved in their use and provided an adequate interpretation of 
the results of each. 

The book begins with a description of the secretions, excretions, and constituents of 
the body in tuberculosis. These include sputum, gastric content, laryngeal swab, urine, 
exudates, cerebrospinal fluid, lymph nodes, pus, stool, and blood. The descriptions of 
these substances are accurate and complete and should be of value to the physician as 
well as to the laboratory technician. Appended to the first chapter is a section dealing with 
the two fungus diseases, histoplasmosis and coccidioidomycosis, which frequently closely 
simulate tuberculosis but which can readily be differentiated from it by laboratory means. 

The chapter which follows includes a description of the tubercle bacillus itself, and the 
differentiation of types and their characteristics. The discussion of the growth of tubercle 
bacilli on liquid medium is somewhat scant but, in view of the fact that such media have 
little place in the diagnostic field, this is not a serious limitation. On the whole this chap- 
ter, which also includes sections on the pathogenicity, resistance, dissociation, chemistry, 
and the nature of acid-fastness, provides a solid background for the subsequent detailed 
consideration of the methods of demonstration of tubercle bacilli. 

The demonstration of tubercle bacilli by staining methods, by methods of concentra- 
tion and cultivation, and by inoculation of animals is covered in detail. These chapters 
include not only a detailed description of the well-recognized methods and their rela- 
tive usefulness, but also state the principles clearly. The chapter on culture media is 
excellent and should serve as a convenient reference source. 

Of particular usefulness is a chapter on the nonpathogenic acid-fast bacteria in which 
the common sources of these troublesome contaminants are detailed and the characteris- 
tics of these organisms discussed. This should be very helpful to many laboratory workers 
who have trouble differentiating these from tubercle bacilli. 

In the opinion of the reviewer, the section of the book on diagnostic methods is excellent 
and accomplishes its purpose admirably. 

The second section of the book covers certain related clinical and laboratory methods. 
Included is a discussion of protective vaccination and the preparation and technique of 
application of BCG vaccine and the preparation and application of tuberculin. There is 
also a chapter on antibacterial agents and methods of determining sensitivity, a chapter 
on serological diagnosis, and one on tuberculin. These are informative and well organized, 
with the exception of the section on methods for testing antituberculous agents. This is 
entirely too brief (two and one-half pages) to be of much value, and does not correctly 
indicate methods which have been found to be most efficient. For example, the impres- 
sion is gained from reading this section that mice probably are unsuitable for this pur- 
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pose; whereas, actually, these animals are used more extensively for the experimental 
chemotherapy of tuberculosis than any other animal species. The lack of adequate refer- 
ences merely emphasizes the deficiencies of this section. 

The last section of the book, which is concerned with “‘some methods of value in the 
study of tuberculosis experimentally produced,” while in the main well done, calls for 
less enthusiasm. The procedures described unfortunately are limited primarily to the 
production of tuberculous infection in rabbits and guinea pigs and the nature of the 
disease in these animals. The coverage of these subjects is excellent, but one is left with 
the impression that these two species are the only ones that really can be usefully em- 
ployed. Furthermore, there is insufficient indication of the purposes for which experimen- 
tal inoculation of animals is used. A more comprehensive discussion of the relative value 
of rabbits, guinea pigs, mice, and other animals in investigative work in the field of tuber- 
culosis would have been a welcome addition. Although probably beyond the scope of this 
book, this section would have been far more valuable had it included a discussion and 
description of the modern techniques employed for the cultivation of tubercle bacilli 
in vitro. There is still too little general appreciation of the fact that tubercle bacilli can 
now be handled and cultivated almost as easily as the majority of more rapidly growing 
bacteria and that the results of in vitro studies readily can be quantitated. 

Although remarkably free of errors, attention should be called to certain misstatements. 
For example, such statements as “A striking absence of gross lesions follows infection of 
mice by any method of inoculation” and “Until Dubos added ‘Tween 80’ to medium, 
it was an unvarying experience when planting tubercle bacilli onto liquid medium that 
those bacilli which did not float on the surface did not grow” are inaccurate and, therefore, 
misleading. Furthermore, to quote Miehe, 1909, to the effect that tubercle bacilli divide 
every six hours ignores more recent work which shows conclusively that the generation 
time of virulent tubercle bacilli in the better liquid media is between fourteen to twenty 
hours. The quoted generation time of six hours actually corresponds to that of many 
acid-fast saprophytes. 

The book on the whole is an excellent one and should prove a valuable addition to the 
literature on tuberculosis; however, it should be emphasized that it is primarily a prac- 
tical laboratory guide to be used as an aid in the laboratory diagnosis of tuberculosis. 
It should not be considered a highly scientific treatise on the bacteriology of tuberculosis. 

Guy P. Youmans 
Chicago, Illinois 


Antipiotic THEerapy. By Henry Welch and Charles N. Lewis, foreword by Chester S. 
Keefer. Pp. 562, The Arundel Press, Inc., Washington, D. C., 1951, Price, $10.00. 

This is a well-written and remarkably up-to-date book about antibiotic therapy. The 
first half summarizes bacteriologic and pharmacologic data, and contains much valuable 
information concerning absorption and excretion and dosage forms. Brief biographical 
sketches of the discoverers of the various antibiotics add to the interest of this section. 
The second half deals with the therapy of specific infectious diseases. The current litera- 
ture is cited, and there is a bibliography at the end of each chapter. 

One can find little to criticize in this excellent book. In writing it the authors were ob- 
viously aware of much unpublished work, and were therefore able to include more cur- 
rent data than is usually possible in such a fast-moving field. The section on tuberculosis 
is particularly good, and presents a sound evaluation of methods and results of therapy 
of all forms of the disease. 

The first half of the book contains many facts about the discovery, development, and 
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nature of antibiotics that are not available elsewhere. Because of their association with 
the Food and Drug Administration, the authors are uniquely qualified to present this 
information. Although less outstanding, the clinical sections are also very good. Particu- 
larly striking are the frequent summaries of the information which is presented. This 
book will be useful for the specialist in the field of antibiotics, as well as for the busy prac- 
titioner seeking aid in therapy. To remain up to date, frequent revisions will of course be 
necessary. 
M. M. Kirsy 
Seattle, Washington 


Communtry Heatta Epucation in Action. By Raymond §S. Patterson and Beryl J. 
Roberts. Pp. 346, The C. V. Mosby Company, St. Louis, Missouri, 1951, Price, $4.50. 

This book is likely to be useful to the health officer, the health nurse, the sanitarian, 
and the many workers whose responsibilities are within a community health depart- 
ment. Attention is devoted to means by which known material can be made available 
and memorable to those in need. Details of a health educational program are discussed 
at moderate length. For those requiring more information, there are suggestions for 
reading concluding each chapter. 

The book is a practical manual affording the reader an integration of experience, tech- 
niques, and communication devices valuable in group education. The material is presented 
simply, is well organized, and is in an easy, pleasant style. 

Cart BERNTSEN 
New York, N. Y. 
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American Trudeau Society 
Medical Section of the National Tuberculosis Association 


NOTES 
REQUEST FOR DATA ON TOXICITY OF ISONIAZID AND IPRONIAZID 

Isoniazid (isonicotinic acid hydrazide) and iproniazid (1-isonicotiny]l-2-isopropy! hydra- 
zine) are being given to many patients with tuberculosis throughout the United States 
and in many other countries. Toxic reactions to both drugs have been reported and, 
undoubtedly, more will occur. However, it is unlikely that any single investigator will 
observe enough of these toxic reactions in the next few months to warrant publication. 
The Committee on Therapy of the American Trudeau Society is anxious to collect reports 
of these toxic reactions, so that a consolidated report can be made available to the medi- 
cal profession as soon as possible. 

Any physician who is willing to submit such reports to the Committee is asked to 
send a brief case report to the Committee on Therapy, American Trudeau Society, 
% Dr. D. T. Carr, 102-110 Second Avenue Southwest, Rochester, Minnesota. The 
report should include the patient’s name or initials, his age, sex, race, diagnosis, weight, 
the drug administered and its dosage, the duration of treatment, and a list of other 
drugs being given at the same time. The toxic reaction should be described fully, together 
with information as to its recurrence if the same drug was given later. 

Copies of the consolidated report will be sent to all contributors, but will not be pub- 
lished in such a way as to preclude individual publication. 


ANNUAL MEETING OF THE AMERICAN TRUDEAU SOCIETY—1953 


The American Trudeau Society, medical section of the National Tuberculosis Asso- 
ciation, invites the submission of abstracts of scientific papers for presentation at its 
next annual meeting in Los Angeles, California, May 18 to 22, 1953, at the Hotel Statler. 

Full information can be obtained by writing to the Chairman of the Medical Sessions 
Committee, American Trudeau Society, 1790 Broadway, New York 19, N. Y. 


ANNUAL MEETING OF THE EASTERN SECTION OF THE AMERICAN TRUDEAU SOCIETY 


The Eastern Section of the American Trudeau Society will hold its annual meeting on 
Friday and Saturday, October 31 and November 1, 1952, in Philadelphia, Pennsylvania. 
Headquarters for the meeting will be at the Bellevue-Stratford Hotel in that city. Mem- 
bers of the Society who wish to present papers are urged to communicate promptly with 
the Chairman of the Program Committee, Dr. Katharine R. Boucot, 311 Juniper Street, 
Philadelphia, Pennsylvania. 


ll. Before it is approved for 
shipment, Kodak Blue Brand X-ray 
Film must prove its uniformity. 
Hour after hour, day after day, 
test-strip samples of finished film 
get critically controlled exposure 
in this Sensitometer. 


Kodak-made, this Automatic Record- 
ing Densitometer reads and records the 
densities of each test strip, and experts 
interpret the resulting sensitometric curves. 
Full-size sheets of Blue Brand Film undergo 

physical tests, X-ray exposure tests, micro- 
scopic study both of the surface and of 
vertical sections, plus an ordeal in the 
“Corridor of Climates” where the Blue 
Brand package must show it can endure a 


wide range of humidity. 


BACK OF EVERY RADIOLOGIST using Blue 
Brand Film stand 63 years of knowledge, 
experience, and skill in film manufacture—solid 
assurance of dependability and uniformity— 
promise of continuing improvement. 


EASTMAN KODAK COMPANY 
Medical Division, ROCHESTER 4, N. Y. 


z. Every test strip next receives 
precision processing—in standard 
solutions—with equipment designed 
to maintain all factors constant. 


Use 

Kodak X-ray Film— 
Blue Brand 

Expose with 


radiographic < 
results: (THREE TYPES) 


For superior 
Kodak Screens—Contact 


Process in 


Kodak X-ray Chemicals 
(LIQUID OR POWDER) 


Order from your x-ray dealer 


TRADE 


OPERATION: 
t 
yo 
\ \\ \ \ ip 
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Why Over 3,500 TB 
Case-Finding Projects, 
Annually Use ° 


POWERS. 
X-RAY . 


SERVICE. 


@ POWERS SERVICE IS COMPLETE! 
Powers relieves project sponsors of all 
technical problems. Our experienced 
technicians work to the sponsor's 
schedule, with units able to take as 
many as 200 chest x-rays an hour. We 
deliver fully processed x-rays, with a 
viewer, to sponsor's roentgenologist. 


LOWER IN COST! The large volume 
of x-rays Powers handles nationally 
enables us to cut overhead costs to a 
minimum for each individual project. 


EFFICIENT! Our 20 vears of experi- 

ence in chest x-ray surveys from Maine 

to Texas have taught us to do the job 

quickly and effectively under many 
iverse conditions. 


e@ FLEXIBLE! According to the spon- 
sor’s requirements, Powers offers 
either the full-size roll paper method 
or the 70 mm photofluorographic 
method — and operates either portable 
units or mobile units with generators. 


Reg.T.M. 


Our technical advisory service 
POWERS | is available without obligation. 
Write before you plan a TB 
Case-Finding Project! 


Maryknoll 
SANATORIUM 


Maryknoll Sisters 


MONROVIA, CALIFORNIA 


A Sanatorimm for the treatment of tu- 
berculosis and other diseases of the lungs 
Located in the foothills of the Sierra 
Madre Mountains, Southern exposure, 
Accommodations are private, modern, 
and comfortable. Rates are moderate 
General care of patient is conducive to 
physical and mental well being. 


Sister Mary Pietra, R.N. 
Superintendent 


E. W. Hayes, M.D. 
Medica! Director 


NAPT 


NON-PULMONARY 
TUBERCULOSIS OF BOY INE 
ORIGIN IN GREAT BRITAIN 

by 

G. 8. Wilson, MD, FRCP, MRCS, DPH, 
Director, Publie Health Laboratory Service, 
Medical Research Council 

J.W.S. Blacklock, MD, FRFPS, 
Professor in Pathology, St. Bartholomews 
Hospital Medical College, London 
L. V. Reilly, BSC, MD, DPH, 
Bacteriologist to the Northern Ireland 
Tuberculosis Authority 


CLOTHBOUND 16 - MAPS 


& DIAGRAMS 
THE PROTECTION OF THE 
NURSE AGAINST 
TUBERCULOSIS 


by F. A. H. Simmonds, MD, B. Chir., DPH, 
Medical Director, Clare Hall Hospital, Middlesex. 


CLOTHBOU ND 10 6 ILLUSTRATED 


NATIONAL ASSOCIATION FOR 
THE PREVENTION OF TUBERCULOSIS 


Tavistock House North, Tavistock Square, London, W.C.1. 


| 
POWERS X-RAY PRODUCTS, INC. [lim 
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Fewer 
PAS Side Actions 


DOSAGE 


The average oral dose of 
Posora Calcium Granulate 
to provide optimal blood 
levels is 5 Gm. administered 
three times daily. A single 
dose of this amount is thera- 
peutically active for four to 
six hours. 


SUPPLY 


Pasera Calcium Granulate, 
containing 85 per cent cal- 
cium p-aminosalicylate, is 
available in one and 25 
pound cons. It is also avail- 
able in single dose packets 
containing 5.0 Gm. each. 
Pasara Calcium is also sup- 
plied in powder form in 0.5 
Gm. capsules in bottles of 
100 and 1,000. 


The use of Pasara Calcium Granulate has been 
shown to effect a significant reduction in the inci- 
dence of unfavorable side actions associated with 
routine oral PAS therapy. Patients who had ex- 
perienced gastrointestinal discomfort with sodium 
para-aminosalicylate could tolerate clinically effec- 
tive quantities of Pasara Calcium Granulate with 
virtually complete elimination of the former un- 
favorable reactions.' 


The sodium-free character of Pasara Calcium 
makes its use particularly valuable with patients 
who require concurrent reduction in salt intake. 
The average daily requirement of sodium para- 
aminosalicylate, 15 Gm., yields the sodium equiv- 
alent of four grams of table salt. 


Pasara Calcium Granulate, the calcium salt of 
para-aminosalicylic acid, is identical in clinical 
efficacy with that of PAS or its sodium salt.' When 
given in adequate dosage, it prevents or delays the 
emergence of streptomycin-resistant tubercle ba- 
cilli. It thus prolongs the period of effective anti- 
biotic therapy. 


1. Disler. M.: Dosage and Blood Levels of Para-Aminosalicylic Acid, 
Schweiz. Ztschr. Tuberk. 7:6 (1950). 


SMITH-DORSEY «© Lincoln, Nebraska 


A Division of THE WANDER COMPANY 


enepanarion 
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SAY YOUR GOODBYES 
TO THE GPs 


In the past, PAS therapy of 
tuberculosis has often been 
hampered by GI side reactions. 
Now BUFFERED PARASAL, a 
new, unique development of 
Panray, has been shown to be less 
irritating and less toxic than any 
other dosage form yet devised. 


buffered 
PARASAL® TABLETS 


the one dosage form for all your patients 


BUFFERED PARASAL TABLETS automatically limit 
gastric hyperacidity, maintaining their buffering 
action for 2 to 3 hours. They do not produce “acid 
rebound” or interfere with normal gastrointestinal 
processes, and they are usually well tolerated even 
when other dosage forms are contraindicated. 


For your patients with PAS-induced GI's, prescribe 
BUFFERED PARASAL TABLETS. Trial samples and 
literature will be gladly sent on request. 


EXTREMELY ECONOMICAL 
e RAPIDLY ABSORBED 

e SODIUM FREE 

SUGAR-FREE 


Each capsule-shaped, uncoated tablet \ y, 


contains 0.5 Gm. Para-Aminosalicylic 


Acid in a special acid-buffering system. THE aomrAcy 
CORP. 


340 CANAL ST., NEW YORK 13, N.Y. 
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POSITIONS AVAILABLE 
AND WANTED 


RATE $3.50 per insertion for 25 werds or less; additional words 
—15 cents. Bold-face semi-display $5.00 per insertion for 25 words 
or less; additional words—20 cents. Bcx number—75 cents extra. 
Employment Bureaus—$10.00 per column inch. Remittance should 
accompany copy and be sent to: American Review of Tuberculosis 
280 Madison Ave., New York 16, N.Y 


POSITIONS AVAILABLE 
WANTED | Assistant physician in a 14-bed Tuberculosis Hospital 
in Southeast Texas Quarters and maintenance available for single 
man. Can make satisfactory arrangements for a married man 
Salary according to experience and credentials. Box 107, American 
Review of Tuberculosis, 280 Madison Ave., New York 16, N 


DIRECTOR OF NURSES Large hospital east: Emphasizing dis- 
eases of the chest and related internal medicine. Salary open 
Important long-term considerations. Good living quarters. Please 
give full details first letter including statement of academic and 
professional education and training, registration data, experience, 
age and date available, including smal! recent photograph. Exce! 
lent opportunity. Please reply Box 103, American Review of Tuber 
culosis, 280 Madison Ave., N 16, N 


WANTED: Physician in tuberculosis hospital (approved for resi 
dency) in midwest university city. Service includes a great deal of 
internal medicine and chest surgery. Living quarters and main 
tenance furnished. Salary dependent on background and experience 
which need not be in chest diseases). State license required. Laws 
require applicant be graduate of American school. Box 102, Ameri 
can Review of Tuberculosis, 280 Madison Ave., N. Y. 16, N. ¥ 


STAFF PHYSICIAN wanted—350-bed modern tuberculosis sana 
terium has opening for staff physician. Starting salary $4200 to 
$4800 depending upon experience and licensure, with possible 
increases to $5400 in addition to complete family maintenance in 
private cottage or new apartment. Send full particulars including 
picture first letter to Superintendent, North Dakota State Tuber 
ulosis Sanatorium, San Haven, North Dakota 


ASSISTANT PHYSICIAN: 134-bed sanatorium; maintenance 
plus salary $5000—$6000; must have, or be eligible for, North 
Carolina license. Please address application to: Superintendent, 
Forsyth County Sanatorium, Winston-Salem, North Carolina. 


POSITIONS WANTED 
CHEST SPECIALIST —-Well trained and experienced. Class A 


«hool graduate. Desires position of responsibility. Outstanding 
references. Available in 2 weeks. Box 106, American Review of 
Tuberculosis, 280 Madison Ave., New York 16, y 


OF TUBERCULOSIS 


eANNOUNCEMENT 


Post-Graduate Course in Tuberculosis 
Toronto Hospital for Tuberculosis, 
Weston, Ontario 
October 21-24, 1952 


The National Sanitarium Association is 
arranging a four-day Course in Tuberculosis for 
physicians and surgeons. Members of the Fac- 
ulty of Medicine at the University of Toronto 
as well as other physicians who are authorities 
in tuberculosis will participate in the papers to 
be delivered as well as in the discussions 


The Registration Fee for the Course will 
be $40.00 in Canadian funds payable to the 
National Sanitarium Association, Toronto. That 
amount will include attendance at all sessions 
at Weston and in Toronto; transportation be 
tween Toronto and Weston; three luncheons and 
one dinner. This fee should accompany each 
application 

For further information with provisional 
list of subjects and application form please 
write to 


Medical Superintendent 
Toronto Hospital for Tuberculosis 
Weston, Ontario 


280 Madison Ave. 


A New Subscriber Service 


In response to a steadily increasing number of requests from subscribers 
the AMERICAN REVIEW OF TUBERCULOsIS will devote this section to classitied 


advertising, consisting of positions available and wanted. 


It is believed that this service will supply a useful link between admin- 


istrators and physicians and other professional workers seeking new fields. 


The rates are shown above. Advertisements must be in our hands not later 


than the first of the month preceding date of publication. 
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New York 16, N.Y. 
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Pilling supplies the complete line of genuine 
Jackson bronchoscopes ... the approved models 
standard tor use with all equipment in the stand- 
ard Jackson-type Clinic 


Pilling makes every size and every type ot broncho- 
scope devised by Dr. Chevalier Jackson, and makes 
them—tor years of service—from Broncalloy 


Broncalloy instruments are lighter, yet stronger— 
thin but rigid—smooth in surtace, bite-proot and 
resistant to corrosion, distortion and damage. 
Standard Jackson Bronchoscopes. as illustrated, all 
sizes from 4mm. ¥ 20 cm. to% mm. x 40. cm., with 2? 


light carriers and 2? lamps. Light carriers are inter 
changeable in bronchoscopes of equal length 


Special sizes can be made to order Consult us 


Order direct from 
Geo age Pilling and Fon 
Compan 


3451 WALNUT STREET ¢ PHILADELPHIA 


Headquarters for 
INSTRUMENTS FOR BRONCHOESOPHAGOLOGY 


4 Standing Tnertaton When in Philadelphia, visit our new 
salesroom. Free parking for doctors on our private lot. 


W 
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*RUBRAMING (REG. U.S. PAT. OFF 


DOSAGE: millionths of a gram 
RESPONSE: millions of red blood cells 


RUB KAM IN 
Bie 


Rubramin supplies vitamin B,,, the most potent anti- 


anemia substance known, in potencies to meet every need: 


15 MICROGRAMS Per cc. 


1 cc. ampuls 
30 MICROGRAMS Per cc. LS 
10 ce. vials 


50 MICROGRAMS per cc. sluiacmmmenneas 10 ce. vials 


Rubramin is aqueous, protein and pyrogen free, practi- 
cally painless on injection, safe even for patients allergic 
to parenteral liver, rigidly standardized in vitamin B,, 
activity. 


Also available: Solution Rubramin Crystalline (Squibb Crystalline Vitamin B,, 
Solution) in 1 cc. ampuls, 15 micrograms of crystalline vitamin B,, per ampul, 
and 10 ce. vials, 30 micrograms of crystalline vitamin B,, per cc. 


SQUIBB 


A TRADEMARK OF SQUIBS & SONS 


| 
| 
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TWELVE-YEAR CUMULATIVE INDEX 
AMERICAN REVIEW OF TUBERCULOSIS 


Every Review subscriber will welcome the news that a 
new Cumulative Index has been printed which will afford 
ready access to the wealth of scientific and clinical data 
embodied in the 144 issues published between January, 1937 
and December, 1948. The new index provides almost 10,000 
cross-references to more than 1,800 papers by some 3,000 


authors. 


Each of the 1,800 papers is fully indexed by author, 
title, subject, date of issue, and page number. More than 500 
subject headings arranged alphabetically assure quick, easy 
ocation of any required article. 


The Cumulative Index is a paper-covered volume of 
200 pages in the same size as the Review itself, adaptable for 
binding in series with bound volumes of the Review. A price 
has been established which represents merely production 
and handling expenses—-$2.50 postpaid (25 cents extra for 


foreign postage). 


AMERICAN REVIEW OF TUBERCULOSIS 
1790 Broadway, New York 19, N. Y. 


Send me __ copies of the new Cumulative Index for the 12-year period 1937-1948 
inclusive. I enclose payment at the rate of $2.50 a copy (25 cents per copy additional 
foreign postage). 


CITY and STATE _ 


Use this convenient order form to send your order — TODAY. 
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Brand of ISONIAZID 
Onicotinic acid hydrazide) 


the new dramatic therapeutic 
development in tuberculosis 


Clinical studies with isonicotinic acid hydrazide in streptomycin resistant 
cases have shown this compound to be a powerful drug against tuberculous 
infections. Its use in patients with pulmonary tuberculosis is frequently 
followed by rapid subsidence of fever, restoration of strength, development 
of ravenous appetite and marked weight gain. Cough and sputum are often 
considerably decreased or eliminated. X-ray changes indicating resorption 
of the exudative process, reduction of cavity size or closure occur in about 
half of the patients. Chemotherapeutic effects are also promising in 
extrapulmonary tuberculosis including orthopedic lesions. 


Average dose: From 2 mg. to 4 mg. per kilogram body weight. 
Available in tablets of 50 mg., 
bottles of 100 and 1000 tablets. 


Write for informative literature. me. 
NEW YORK 18, N.Y. WINDSOR, ONT. 


Dinacrin, trademark reg. U.S. Pat. Of. 
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LOOK at the ceiling 
READ the book in hand 


with 
Prisma Glasses 


At reduced 
4 hospital price 


With PRISMA GLASSES you look ahead but see down—-Lie flat on your back and, without 
lifting your head, see everything that goes on in the room-—Read in bed all day without tiring 

Elderly people, those with chronic disease, poliomyelitis, or severe cardiac disease, orthope- 
dic patients, who are contined for long periods, will be able to use Prisma Glasses to read com- 
fortably, and view all that goes on in their room without having to lift their heads. Ideal for 
viewing TV (the lenses cut the glare). 


Professional Trial Offer 


You are welcome to try a pair, yourself, at the professional discount. You'll like Prisma Glasses 
for your own use and you will find a detinite place for them among your patients. 


LEISURE PRODUCTS CO. 


PLEASANT RIDGE, MICH. 


LEISURE PRODUCTS, 22T Poplar Park Blvd., Pleasant Ridge, Mich. 


Please send me pairs Prisma Glasses at $/4.95 per pair, less hospital discount on 
trial. Glasses may be returned within 30 days and invoice rendered at time of shipment 
will be cancelled. 


NAMI 
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Notice to Review Subscribers 


With reluctance, the publishers of The American Review of Tuberculosis 
announce a price increase in subscriptions, necessitated by constantly mounting 
production costs. 

The new rate will be $12.00 per annum and will apply to all subscriptions 
for 1953 and thereafter until further notice. This includes postage to any part 
of the world, 


American Review of Tuberculosis 1790 Broadway, New York 19, N. Y. 


~ ALUM ROCK SANATORIUM 


SAN JOSE, CALIFORNIA 
be Telephone: CLayburn 8-4921 
sta" Va.- A non-profit sanatorium for the treatment of 
Tuberculosis and other diseases of the chest 
Visiting Medical Staff 


Bindings for Review Copies 
Tue AMERICAN Review OF TuBERCULOsIS will bind current and back 
numbers of the Review in standard uniform cloth binding. 


Cost of binding, $4.00 per binding 
Transportation and wrapping charges additional. 


Please fill in the order below, detach this page and mail to: 


American Review oF TUBERCULOSIS 
1790 Broadway, New York 19, N. Y. 


Please fill my order for binding my Review volumes in the manner checked, supplying all the missing 
numbers. 


© Original Articles and Abstracts of each volume separately at $8.00 per volume for binding. 
© Articles and Abstracts for one volume in one binding at $4.00 per volume for binding. 
© Articles and Abstracts for entire year bound separately at $4.00 per binding. 


* If you order Volumes XI and XII bound and wish them combined, check here 2 


| 
Medical Director J. Lieyd Eaton, M.D., Onkiand Oekiona 
| Buford H. Wardrip, M.D. 4%. Corwin Hinshaw, M.D., San Francisco James Kieran. M.D., Oakland 
Robert Stene, Oakiand William B. Leftwich, M.D.. Oakland 
Associate Medical Director 
E. Gwyn Roberts, M.D., San Francisco | 
| 
} 
2 
I have sent volumes®. you at the above address to be bound 
(Pp. or Express) 


A: 


for effective cough therapy 


(Dihydrocodeinone Bitartrate) 


e Three forms available: Oral Tablets (5 mg. per tablet), 
Syrup (5 mg. per teaspoonful), Powder (for compounding). 
May be habit forming; narcotic blank required. 
Average adult dose 5 mg. Literature on request. 


Endo Products Inc., Richmond Hill 18, N.Y. 
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